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Mathematical proficiency during the early years is directly linked to later success in life, both 
regarding academics and economics. First grade educators must have the knowledge and skills to 
integrate the West Virginia Mathematical Habits of Mind (WV MHM) into their existing 
classroom instructional practices to help establish strong foundations for mathematical learning 
and thinking early on in children’s lives. This study investigated first grade educators’ 
perceptions of their confidence with integration of the WV MHM into their classroom 
instructional practices. Barriers to and supports for implementation, as well as educator 
demographics, were examined to determine any effect they may possibly have on educators’ 
confidence with integration of the WV MHM. Two hundred twenty one surveys were sent to the 
first grade educators in seven West Virginia Counties (Fayette, Greenbrier, Kanawha, Nicholas, 
Putnam, Roane, and Wood). Survey results yielded statistical significance across Likert scale 
frequencies for 26 of 28 subcomponents of the WV MHM, as well as significance across targeted 
barriers to and supports for implementation of the WV MHM.  Demographic areas, including 
years of teacher experience in first grade and the amount of clock hours of professional 
development that focused on early mathematics over the past two years, were also found to have 
statistical significance. Implications that include increased professional development based on 
the WV MHM for early and elementary educators, as well as a continued focus on the state’s 
comprehensive focus on pre-k through grade five programming and supports, are provided. 
Recommendations for future research studies are also provided that expand the scope and 





INTRODUCTION OF THE STUDY 
Introduction  
The importance of providing children with a solid foundation in school upon which 
they can build knowledge and competence across all areas of development is well-noted in the 
research (Bodovski & Farkas, 2007; Duncan et al., 2007; Garcia et al., 2017). While children in 
the early learning grades of pre-k through three typically learn best through an integrated 
approach, a child’s mathematical ability serves as a more accurate predictor of later 
achievement than any other skill studied in the early learning years (Duncan et al., 2007; 
Szekely, 2014). Unfortunately, gaps are often evident among children’s mathematical ability 
before they enter public schooling; these gaps only widen for children who enter school with 
lower levels of mathematical competence (Frye et al., 2013; Nelson & McMaster, 2019). While 
young children’s potential for acquiring mathematical concepts is often greater than what 
adults may believe possible (Clements et al., 2013), the extent to which high-quality 
mathematical learning opportunities are taught in the classroom can determine children’s 
comfort levels and achievement levels with mathematics throughout their schooling (Blazar, 
2015; Jordan et al., 2009).    
Statement of the Problem 
West Virginia is facing a mathematics crisis, and the statistics are alarming. For example, 
in 2019 only 51 percent of West Virginia third graders were proficient in mathematics as 
determined by the West Virginia General Summative Assessment, yet this statistic fell to 37 
percent proficient for eighth graders and 24 percent proficient for eleventh graders during the 
same year (West Virginia Department of Education, 2020a). The impact of low mathematics 
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achievement resonates throughout the lifespan, often resulting in less educational attainment, 
more utilization of remediation, and an increased likelihood of reliance on public assistance as 
adults. Factors such as generational poverty and trauma in the form of abuse, both widespread 
throughout our highly impoverished, highly rural state, further impact children’s abilities to 
achieve academically in the area of mathematics.  
An additional factor that exacerbates the mathematical crisis in West Virginia comes 
from data determined by the West Virginia Early Learning Longitudinal Study (Nores et al., 
2019). This is a multi-year study that began in 2015 in West Virginia to determine, among child-
focused outcomes, the extent to which early learning classrooms in the state provided quality 
emotional support, classroom organization, and instructional support for children in grades pre-k 
through two. Most recently, principal investigators from the National Institute for Early 
Education Research (NIEER) and Marshall University (the in-state institution NIEER partnered 
with to assist with data collection) have determined large gaps in classroom instructional quality 
in the grades of kindergarten, one, and two. The instrument utilized to determine classroom 
quality is the Classroom Assessment Scoring System (CLASS), which was initially developed by 
researchers at the University of Virginia (Pianta et al., 2008). The CLASS looks at three 
domains, which is then broken into ten areas. Throughout this study, West Virginia classrooms 
fared on par with other similar studies in the first two areas, Emotional Support and Classroom 
Organization. The third domain, Instructional Support, was much lower than the first two 
domains across grade levels. Instructional Support is typically lower in other similar studies as 
well; however, the Instructional Quality domain in West Virginia first grade classrooms was 
lower than other similar studies. As a result, the classroom data from this study indicates that the 
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biggest deficits in the area of instructional support are found in grade one in West Virginia 
classrooms (Nores et al., 2019).  
Purpose of the Study 
 This study aims to determine how first grade educators perceive their confidence with 
utilization of mathematical habits, or processes, in the classroom with children. Specifically, if 
the findings determine that educators are minimally using process-based mathematical thinking 
in the classroom with children, recommendations can be provided to state education leaders to 
make available increased professional learning and supports for educators.  
Rationale of the Study 
This study has been developed because data indicates that achievement gaps start early 
and continue to widen as children progress through school. Poor statewide assessment data in 
mathematics, coupled with the first grade instructional support deficits identified earlier in this 
chapter, provide justification for this study.  
Significance of the Study 
This study is significant because it will provide state early and elementary learning 
stakeholders, leaders and policymakers with key information about how to identify and support 
educators’ integration of the West Virginia Mathematics Habits of Mind into classroom 
instruction. The study will also determine the extent to which first grade educators perceive they 
are utilizing the West Virginia Mathematical Habits of Mind, which are processes that assist 





Research questions for this study include:  
RQ1. To what extent do West Virginia grade one educators perceive their confidence 
with providing instructional classroom opportunities for children to develop mathematical habits 
of mind? 
RQ2. To what extent do West Virginia grade one educators perceive specific barriers 
affect their integration of mathematical habits of mind? 
RQ3. What do West Virginia grade one educators perceive as effective supports to 
integrating mathematical habits of mind? 
RQ4. What effect, if any, do certain demographics have on West Virginia grade one 
educators’ perceptions for providing instructional classroom opportunities for children to 
develop mathematical habits of mind? 
Operational Definitions 
The following terms have significance to the study and should be associated with the 
following definitions:  
West Virginia Mathematical Habits of Mind are those habits of mind that are designed to 
assist children with the development of mathematical thinking skills and processes. The eight 
West Virginia Mathematical Habits of Mind include: make sense of problems and persevere in 
solving them; reason abstractly and quantitatively; construct viable arguments and critique the 
reasoning of others; model with mathematics; use appropriate tools strategically; attend to 
precision; look for and make use of structure; and look for and express regularity in repeated 
reasoning.  
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Educators’ perceptions of confidence relates to the confidence that study participants feel 
they possess with providing instructional classroom opportunities for children to exhibit the West 
Virginia Mathematical Habits of Mind. A four-point Likert scale is utilized for educators to 
describe their perceptions of confidence. The Likert scale includes indicators of not confident, 
somewhat confident, confident, and very confident.  
Educators’ perceptions of barriers relates to the research-based barriers that study 
participants may feel impact their abilities to provide instructional classroom opportunities for 
children to exhibit the West Virginia Mathematical Habits of Mind. A four-point Likert scale is 
utilized for educators to describe their perceptions of the impact of barriers. The Likert scale 
includes indicators of not at all impactful, somewhat impactful, impactful, and very impactful.  
Educators’ perceptions of supports relates to the research-based supports that study 
participants may feel increase their abilities to provide instructional classroom opportunities for 
children to exhibit the West Virginia Mathematical Habits of Mind. A four-point Likert scale is 
utilized for educators to describe their perceptions of the impact of supports. The Likert scale 
includes indicators of no support, limited support, adequate support, and extensive supports.  
Assumptions of the Study 
 To complete this study, a primary assumption is that the West Virginia educators 
completing the surveys will do so honestly and with adequate understanding of each of the West 
Virginia Mathematical Habits of Mind.  
Limitations and Delimitations of the Study 
 Study limitations include those factors that are out of the control of the researcher. For 
this study, one limitation is the survey that will be utilized asks for educators’ perceptions of the 
extent to which they integrate the West Virginia Mathematical Habits of Mind into their 
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mathematics instruction. The survey itself is limiting because it includes use of a forced-answer 
format via a four-point Likert scale.  
 Delimitations are those factors that are purposefully controlled by the researcher. For this 
study, delimitations include the fact that grade one West Virginia educators from the seven 
counties that are participating in the West Virginia Early Learning Longitudinal Study comprise 
the targeted audience.  
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CHAPTER 2  
REVIEW OF THE LITERATURE  
Overview 
In general, the extent to which a state invests not just financial, but systems and human 
resources, to provide access to high-quality early learning programs can yield returns that 
resonate throughout children’s lives (Ramey, 2018). The research notes participation in high-
quality early learning programs can lead to increased student achievement and high school 
graduation rates, as well as decreased levels of expulsion, incarceration, and need for public 
assistance as adults. Most recently Garcia et al. (2017) note that high-quality early learning 
programs yield up to a $13.00 return for every dollar invested.  Specifically, the importance of 
ensuring children have access to high-quality experiences that build their mathematical 
understanding is evident throughout the literature.  Linkages to later success in mathematics have 
been found through several studies, highlighted below, which indicate the relationship between 
children’s mathematical understanding and later school success.  
In a study that analyzed the relationship between children’s competence at school entry 
and their later performance (Duncan et al., 2007), researchers found statistically significant 
predictors of later achievement in both mathematics and reading among children who fared well 
at school entry. This study synthesized six longitudinal data sets to examine academic, attention, 
and socioemotional competence of children at school entry and in subsequent years in children’s 
schooling. All six studies determined that academic achievement gaps between children begin to 
develop early. Specifically, the researchers found that knowledge of numbers and ordinality had 
the strongest correlation to later mathematics success. Duncan et al. assert that of the three areas 
studied in this large-scale analysis (academic, attention, and socioemotional competence), 
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academic predictors related to early mathematics achievement were particularly powerful 
indicators of later mathematics achievement.  
Additionally, Rittle-Johnson et al., (2017) note that mathematical proficiency during the 
early years is directly linked to later success in life, both regarding academics and economics. In 
their research study of over 500 children from ages 5-11, they determined that specific 
components of early mathematics understanding were predictive of later success up through age 
11. Specifically, the authors found that the ability to map symbolically and calculate in first 
grade were two skills that strongly predicted children’s mathematical proficiency in fifth grade. 
While this study looked specifically at mathematical trajectories established during the early 
years, Bodovski and Farkas (2007) examined nationally representative data from the Early 
Childhood Longitudinal Study—Kindergarten Cohort (ECLS-K) to determine the extents to 
which children performed in mathematics throughout the kindergarten year through third grade. 
Bodovski and Farkas found that children with early gaps in mathematical understanding had 
smaller overall mathematical gains throughout the first four years of their schooling. The authors 
note this points to inequities for those children who start out with gaps in their mathematical 
understanding. They also found that the children who demonstrated basic number knowledge and 
proficiency in kindergarten were more likely to have higher gains both initially and during 
subsequent years of schooling. Put simply, the children with the highest proficiency in 
mathematics in kindergarten yielded the biggest gains overall. Finally, the authors found that 
student engagement (as perceived by the educator) made a large difference in children’s 
mathematical achievement. Those children with initially low levels of proficiency in 
mathematics who were consistently engaged in the mathematical learning process fared better 
overall than their peers who were not engaged consistently (Bodovski & Farkas, 2007).  This 
9 
finding speaks to the importance of children’s active engagement in the learning process, 
specifically regarding foundational mathematics skills and foundational reading skills.  
There is also a large body of literature that points to the strong correlation between 
mathematical achievement and later literacy development. Nelson and McMaster (2019) 
reference the importance of providing mathematics vocabulary instruction in their meta-analysis 
of early numeracy methods and research. The researchers indicate how explicit instruction about 
mathematical vocabulary, especially for children who have difficulty learning mathematics, is an 
important option for teachers to consider. Moreover, Varol and Farran (2006) note that 
vocabulary-rich discussions around mathematics can heighten children’s abilities to learn 
mathematics, particularly in the early grades. Providing children the opportunity to share their 
ideas and participate in discussions about the process of coming to a mathematical conclusion 
allows children to become comfortable communicating their thoughts and opinions and also 
helps establish a sense of comfort where discourse, even among the youngest learners, is 
encouraged (Varol & Farran, 2006).  
Powell et al. (2017) examines the mathematics vocabulary knowledge of children in 
grades three and five through the perspective of linking overall vocabulary to mathematics-
focused vocabulary. The authors note the relationship between low National Assessment of 
Educational Progress (NAEP) scores and the low levels of understanding regarding the 
mathematical vocabulary that is required to completely understand the mathematics questions on 
the fourth grade NAEP administration (Powell et al., 2017). Carter and Dean (2006) concur with 
this assertion, noting that the heavy vocabulary found in mathematics assessment items on the 
NAEP are likely to cause lower overall mathematics scores on the NAEP when coupled with 
children’s low mathematical computational knowledge.  
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Mathematics Programmatic and Achievement Data 
Several types of data are available that indicate how West Virginia’s mathematical crisis 
begins during the early years of children’s schooling. Each form of data described below adds to 
the indication that early mathematics is a critical content area that fragments in performance and 
achievement during the early grades.  
One form of data commonly utilized to gauge educational trends nationally is the 
National Assessment of Educational Progress (NAEP), which provides data from a small sample 
of children in each state to determine statewide growth and comparisons across states on a two-
year schedule for both mathematics and English Language Arts at the fourth and eighth grade 
levels. The most recent (2019) NAEP data for fourth grade mathematics found that West 
Virginia dropped significantly in mathematics performance from 2017 to 2019 (J. Barth, 
personal communication, June 2, 2020). Wilkinson (2018) notes that the demands of 
standardized tests such as the NAEP and the PISA Assessments require that children have not 
only an understanding of mathematical knowledge, but also of the vocabulary and processes 
inherent in solving mathematical problems. To help ensure this, teachers must provide 
instructional experiences that allow children opportunities to have mathematical discussions that 
focus on the processes associated with mathematical content alongside the content itself 
(Wilkinson, 2018).  
As required by the United States Department of Education, children must be assessed 
yearly in the areas of mathematics and English Language Arts in grades 3-8 and 11. West 
Virginia’s version of the required assessment is the West Virginia General Summative 
Assessment, which is typically provided toward the end of the school year each year. One 
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exception to this rule is the canceling of statewide assessments due to the COVID-19 pandemic 
and subsequent statewide school closure in March 2020.  
A third form of data utilized to determine the extent of the state’s mathematical crisis is 
the West Virginia Early Learning Longitudinal Study (Nores et al., 2019). To provide context, 
this study was developed to support early learning education in West Virginia, and was built on 
the success of the state’s implementation of both its universal pre-k program and the 
comprehensive approach to early and elementary learning (W. Burch, personal communication, 
March 1, 2020). In 2014, the West Virginia legislature repealed a law that focused on critical 
skills at the third and eighth grade levels, and replaced it with West Virginia Code 18-2E-10, 
Transformative System of Support for Early Literacy. This approach serves as West Virginia’s 
efforts to elevate 3rd grade reading achievement and focuses on a multi-faceted view of early 
learning that includes comprehensive supports and interventions for children ages birth through 
age eight.  With this legislation a line item in the state budget was designated to support local 
level initiatives as well as state oversight of the work (W. Burch, personal communication, 
September 29, 2019).   
This funding also allowed the State Education Agency to enter a partnership with the 
National Institute for Early Education Research (NIEER) to conduct a multi-year study that 
examines the extent to which children who attended the state’s universal pre-k program fare 
against those children who did not attend the program (W. Burch, personal communication, 
March 1, 2020). The study was also designed to look at overall classroom quality in grades pre-k 
through three throughout the state. The West Virginia Early Learning Longitudinal Study has 
yielded preliminary findings that have provided a look at both strengths and weaknesses in the 
areas of children’s gains over time and classroom quality (Nores et al., 2019).  
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  Specifically, within the Instructional Quality domain of the Classroom Assessment and 
Scoring System (CLASS) (Pianta et al., 2008), the lowest scores were found in the area of 
Concept Development across the three grade levels. The Concept Development area is critically 
important because educators who consistently display strong scores in this area emphasize 
analysis, reasoning, connections to the real world, integration across content areas, and creativity 
(Nores et al., 2019). Moreover, this area includes the content that educators provide for children 
and the actions educators deploy to assist children with the learning process (Nores et al.). The 
importance of asking process-based questions, such as how or why certain phenomena occur, is 
encouraged to emphasize concept development. When children have the opportunity to tie skills, 
or habits, that build deeper understanding and problem solving capabilities, they are likely to 
engage in more meaningful and impactful learning experiences that increase the likelihood of 
deeper learning and achievement across content areas. Nores et al. also focus on the importance 
of language techniques to stimulate and facilitate children’s concept development through 
experiences such as open-ended questioning, conversing with one another, and using advanced 
vocabulary related to content-specific concepts.  
One of the major concerns of state leaders is the fact that preliminary data from this study 
(Nores et al., 2019) indicates large learning gaps beginning during the early grades that are likely 
to negatively impact later mathematics achievement. As evidenced by the Nation’s Report Card, 
National Assessment of Education Progress (NAEP) data indicates these early learning gaps only 
widen as children progress through school, resulting in an achievement crisis in West Virginia 
for the upper grades that impacts not only college and career readiness, but other factors such as 
the state’s poverty levels and economic well-being.   
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Teaching Early Mathematics  
Mathematics has been a longstanding staple in education programs serving young 
children. For centuries, educators included various forms and approaches of mathematics 
instruction as part of children’s educational programming, beginning with Comenius’ School of 
Infancy in 1631 and moving into the modern age with the work of John Dewey in the late 1890s 
(Saracho & Spodek, 2009a). Saracho and Spodek (2009a) examine the nation’s historical 
foundations of early mathematics education. The authors review the initiatives surrounding the 
Children’s Arithmetic movement, as well as the Mental Arithmetic, infant school, and Froebel 
kindergarten programs. Each initiative, or movement, assumes varying philosophies regarding 
memorization, developmentally appropriate experiences, and the balance between conceptual 
and procedural fluency in mathematics.    
Throughout the Twentieth Century, educational paradigms shifted in response to societal 
needs as well as research-based best practices. A review of educational practices in the area of 
early mathematics during the Twentieth Century (Saracho & Spodek, 2009b) notes several 
reform efforts that included approaches for teaching mathematics to children during the early 
learning and early elementary years. During the Twentieth Century, world-renowned theorists 
such as Maria Montessori, William H. Kilpatrick, Louis Malaguzzi, Jean Piaget, and Lev 
Vygotsky utilized practical components of their education reform movements, schools, 
initiatives, and research efforts to at least in part impact the area of early mathematics. For 
example, Kirkpatrick’s Project Method required that children interact with real-world tools and 
materials, such as wooden planks and rulers, to create learning experiences that were based on 
children’s interests (Saracho & Spodek, 2009b).   
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While the first part of the Twentieth Century was laden with reform efforts that looked at 
children’s abilities to learn mathematical concepts as a concrete process, a more comprehensive, 
contemporary view of how children learn mathematics evolved during the last part of the century 
(Saracho & Spodek, 2009b). These more contemporary trends look at factors and premises such 
as children’s trajectories of learning, the role of children’s socioeconomic status as a predictor of 
academic achievement, constructivist viewpoints related to children’s emerging mathematical 
understanding, and the importance of the relationship between mathematical understanding and 
spatial awareness. Many of these emerging trends are underpinned by the critical importance of 
the role of children’s parents to their mathematical and overall academic success (Saracho & 
Spodek, 2009b).   
Sarama and Clements (2009) synthesized numerous research findings into three 
assertions regarding early mathematics instruction. First, it is critical that children learn a 
significant amount of mathematics content during the early grades to ensure continued learning 
and later achievement in both mathematics and literacy. Second, mathematical competence is 
attainable by all children, particularly when they are provided opportunities to think critically 
about mathematical concepts that are interesting and challenging to them. Third, children’s 
mathematical thinking develops along a natural developmental trajectory based on their unique 
experiences and interactions with mathematical content. These assertions are helpful for 
educators to understand when teaching mathematics to young children in order to most 
effectively assist children with reaching their highest potential. Sarama and Clements also 
project specific approaches when teaching young children about mathematics, such as using 
learning trajectories (including the progression of somewhat related, yet distinct, skills) and a 
combination of instructional strategies that best meet the needs and interests of children. They 
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also suggest incorporating multiple forms of instructional activities and experiences that will 
positively impact children’s understandings about mathematics.  
One of the critical components of any high-quality early learning program is the presence 
of developmentally appropriate practices. A developmentally appropriate practice is one that is 
likely to engage children through means that are most applicable for each child’s biological age 
and developmental capabilities. When children are afforded opportunities to engage in 
experiences that are developmentally appropriate, their learning is heightened. For example, 
children utilize discovery, observation of phenomena around them, and play to develop 
mathematical concepts (Varol & Farran, 2006). The authors also assert that the classroom 
environment must support children’s mathematical development. Use of real-world tools and 
materials such as unit blocks, for example, in an environment that nurtures mathematical 
thinking, can encourage children to make mathematical observations and connections in the 
areas of patterning, geometry, counting, measurement, and fractions (Varol & Farran, 2006). 
What this looks like in the classroom is largely dependent on the educators’ understanding of 
how to utilize the environment as a catalyst to spark intrigue, problem solving, and investigation.  
In classrooms today, the importance of the classroom environment is noted as a primary 
mechanism to help ensure children have access to mathematical tools and opportunities to 
achieve mathematical tasks on a regular basis (Varol & Farran, 2006). Saracho and Spodek 
(2009a) note that mathematics environments and opportunities should include “number, 
geometry, measurement, algebra, and patterns” (p. 297). The importance of patterning, 
particularly for children from low-income households, is further emphasized in a study that 
examined early mathematical trajectories for children (Rittle-Johnson, et al., 2017). These 
authors found that in many cases, patterning is not a major component of states’ content 
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standards, though their research indicated that patterning knowledge could improve a child’s 
mathematics trajectory.  
Developmentally appropriate practices also include a focus on children’s interests. Cress 
and Holm (2015) note that when determining content and instructional practices, including the 
interests of children is a key component to ensure developmentally appropriate practices and 
environments. Their review of a project-based learning process called Creative Endeavors 
includes three stages, each of which engage and build upon the interests of children. This 
learning process is noted to yield higher levels of achievement than focusing on interests that are 
exclusively based on educators’ interests. An emphasis on the process, rather than specific 
products, are also inherent in developmentally appropriate learning environments. For the first 
grade children included in this study, the importance of large blocks of time for engagement in 
the process of learning was also noted as more conducive for deeper learning than were multiple, 
segmented transitions (Cress & Holm, 2015).  
An additional developmentally appropriate practice for the early learning years of 
education is integration of information and concepts across content areas. We know that children 
do not learn content in isolation from other content areas. Frye et al. (2013) note that 
mathematics instruction should be integrated across content areas. For example, providing 
children opportunities to engage in mathematical discussions during science or English 
Language Arts experiences allows children to develop a more comprehensive view of 
mathematical content (Frye et al., 2013) 
Sarama and Clements (2009) note that mathematics is a critical component of thinking 
and learning for all young children. The authors also assert that children should be able to 
determine which strategies work best for them to determine and make sense of numeracy and 
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other mathematical concepts. Educators play an important role in this process by supporting 
children’s creative thinking and problem solving skills throughout the school day. This means 
that mathematics can be brought out and highlighted in other content areas, such as literacy, 
science, and STEM learning opportunities. The importance of providing a variety of 
mathematical instructional practices for children to engage in throughout the school day will help 
young learners develop needed mathematical habits and thinking skills.  
Barriers to Effectively Teaching Early Mathematics    
Many barriers exist that prevent children from developing strong foundations of learning 
in all content areas, including mathematics. The challenges that many children face on a regular 
basis, coupled with challenges that are more focused on educators’ preparation, knowledge, and 
confidence, impact the likelihood of mathematics achievement for all learners. Several of the 
challenges reflected in the literature are discussed below.  
Adverse Childhood Experiences (ACEs): The prevalence of trauma in young children’s 
lives is particularly damaging to their current and long-term well-being. The fact that early 
adversity can impact children’s lives is not a recent finding; however, since the 1998 Adverse 
Childhood Experiences (ACE) Study, more understanding has been gained about the critical 
implications traumatic experiences can have on children’s development throughout the lifespan 
(Felitti et al., 1998). The term Adverse Childhood Experiences, or ACEs, is now used commonly 
to describe all the various types of trauma, including abuse and neglect, that occur to children 
under age 18 (About Adverse Childhood Experiences, 2019). ACEs are linked to lasting impacts 
that can present at any time in a child’s or adult’s life, depending on the intensity and nature of 




Lasting Impacts of Adverse Childhood Experiences (CDC, 2019) 
Impact Example 
Injury  Traumatic brain injury, fractures, burns  
Mental Health  Depression, anxiety, suicide, post-traumatic stress disorder  
Maternal Health  Unintended pregnancy, pregnancy complications, fetal death  
Infectious Disease  HIV, sexually transmitted diseases  
Chronic Disease  Cancer, diabetes  
Risky Behaviors  Alcohol & drug use, unsafe sex  
From the research it is clear that trauma impacts children’s development. When children 
experience trauma, it is no surprise that academic achievement, especially academic work that 
requires focus and concentration, is likely to stagnate or decline. For example, Blodgett and 
Lanigan’s (2018) study of over 2,100 children across 10 elementary schools in Washington State 
found that as the number of children’s ACEs rose, their ability to reach proficiency in 
mathematics and English Language Arts grade level standards dropped significantly. Also 
associated with increased ACEs were factors such as chronic absenteeism and behavioral 
problems (Blodgett & Lanigan, 2018).  
The implications of ACEs in West Virginia are particularly alarming. Research notes that 
central to children’s healthy development across domains is the need to be safe, supported and 
stable. In 2017 it was determined that 53.3% of West Virginia children have experienced at least 
one ACE, which is significantly higher than the national average of 43.8% (Child and 
Adolescent Health Measurement Initiative, 2017). In West Virginia, many children experience 
ACEs on a daily or regular basis due to the state’s ongoing opioid crisis. For example, in 2016, 
West Virginia had the highest rate of drug overdose deaths in the United States (West Virginia 
ACES Coalition, 2018). While research (Campaign for Trauma-Informed Policy and Practice, 
2017) indicates that a powerful combatant to the opioid crisis should focus on minimizing and 
eliminating ACEs during childhood, we know at this time that exposure to drug abuse is a form 
19 
of trauma that is experienced by countless West Virginia children each day. When a child is 
exposed to drug abuse and all the ancillary forms of trauma or abuse that often accompany this 
exposure, their ACEs score increases. When a child’s ACEs score goes up, the likelihood they 
will reach mastery in any academic content area is often diminished, making it a challenge for 
even the most effective educators to help a child master age- and developmentally appropriate 
content.   
Poverty: West Virginia is an extremely rural and impoverished state. Nearly 18 percent 
of all West Virginians live in poverty, compared to 11.8 percent nationally (United States Census 
Bureau, 2020). When children grow up living in poverty, they are less likely to have access to 
needed resources or achieve academically. In a research study by Jordan et al. (2009), 
researchers found that mathematical understanding among children from poverty was far lower 
than that of their more affluent peers. Robinson (2013) concurs with this assertion, noting that 
poverty is a critical factor that is often predictive of children’s current and later mathematical 
achievement. His study of data from the Early Childhood Longitudinal Study, Kindergarten 
Class of 1998-1999 (ECLS:K), which included over 22,000 children from nearly 1,300 
kindergarten programs in the United States, looked specifically at children’s mathematical gains 
when compared to their poverty status (Robinson, 2013). The data revealed that children from 
poverty scored lower across a battery of cognitive assessments than their peers who did not live 
in poverty. Moreover, children with low levels of classroom engagement who lived in poverty 
were the least likely to have academic success when compared to impoverished children who 
were regularly engaged in classroom experiences.   
A study by Roos, et al. (2019) found that children from low-income households were far 
less likely to be adequately prepared for school than children who were not born to low-income 
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households. The researchers reviewed database and achievement information of over 45,000 
children between 2000 and 2009 in Manitoba, Canada, to determine the effects of poverty on 
school readiness. In their findings they also note that mental illness, asthma, and injuries that 
require hospitalization are associated with children from poverty more so than are children who 
do not live in poverty. Roos et al. determined that the significance of living in what they referred 
to as neighborhood poverty increased the likelihood that children would not be well-equipped to 
begin school. This finding is particularly applicable to West Virginia, because a large majority of 
the children in the state live in areas where poverty is widespread. The researchers also note that 
if children’s families are able to transition out of neighborhood poverty by the time children are 
age two, the effects of poverty can be mitigated.  
Lack of Educator Understanding of Developmentally Appropriate Teaching Habits for 
Mathematics: An educator’s ability to provide quality instruction is linked to children’s overall 
achievement (Bodovski & Farkas, 2007). Saracho and Spodek (2008a) recognize young 
children’s abilities to think logically and learn mathematics, yet also indicate that oftentimes, 
educators of young children fail to completely understand the conceptual or procedural 
foundations of mathematics.  The early learning years of education are unique from the upper 
elementary grades; therefore, to most effectively serve children during the early learning years, 
educators must possess strong foundations of early learning pedagogy and content knowledge. 
This includes the need for educators to not only possess, but be able to effectively communicate 
to children both the conceptual and procedural foundations of mathematics.  
For example, Dimitriadis (2016) found in a London, England, mixed methods study of 
over 450 children from ages three to eleven that the expertise of the classroom educator was the 
single most important factor in determining children’s mathematical achievement. This is 
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particularly true when working with children who are advanced in their mathematical thinking. 
This study found that children who consistently demonstrate advanced mathematical 
understanding are more likely to seek unique solutions to problems and work through the process 
of solving a problem, often taking more time to complete tasks than other children (Dimitriadis, 
2016). When children take additional time to solve problems, educators who fail to recognize 
children’s process thinking might feel the child lacks understanding. Training to help educators 
understand this premise, as well as other components of developmentally appropriate early 
mathematics instruction, is necessary for the educator to support all learners. The author notes 
that when educators are aptly knowledgeable of mathematics content, they are more readily able 
to understand children’s mathematical understandings and deficits (Dimitriadis, 2016). When 
educators lack adequate understanding of mathematical content, the children they serve are less 
likely to experience needed supports by the educator.   
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Lack of Principal Support: While the knowledge of how principals impact educators’ 
emotional well-being is limited (Berkovich & Eyal, 2018), research does support the assertion 
that the school principal does have a large impact on the overall success and motivation of their 
faculty. In their study of 113 educators working in the Israeli public school system, Berkovich 
and Eyal sought to explore the impact of principals’ communication modes on their faculty. 
Their mixed-methods study determined that the prevalence of empathy among principals for 
educators resulted in a generally improved positive affect for the educator participants. The study 
findings suggest that when educators are supported by their school leadership, they are likely to 
thrive; subsequently, the opposite can be inferred when school principals do not provide 
consistent communication through two-way dialogue that supports a culture of positive support, 
educators are less likely to face their own difficulties (Berkovich & Eyal, 2018).  
While specific barriers may impact educators’ abilities to help children reach their fullest 
potential, the presence of adequate supports can help mitigate the impacts of barriers. The next 
section examines some of the most common supports for effectively teaching early mathematics 
as evidenced by the research.  
Supports for Effectively Teaching Early Mathematics    
Providing early educators with adequate supports to effectively teach mathematics during 
the early grades can prove beneficial for children’s ongoing development and achievement. 
Specifically, professional development and family engagement are two factors that can positively 
impact classroom experiences for children, increasing the likelihood that they will be successful 
in school.  
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Professional development: Effective professional development is determined by the 
presence of several factors, including sufficient intensity, continuity, and sustainability to support 
transformational practices (Desimone, 2011). Specifically, Nelson and McMaster (2019) indicate 
the importance of professional learning for educators to become competent at teaching early 
mathematics. In a study of mathematics-focused professional development programs for 
kindergarten educators, Gasteiger and Benz (2018) also note this importance. Gasteiger and Benz 
examined the mathematics-related knowledge base of kindergarten educators in Germany to 
determine that kindergarten educators should “plan learning opportunities and spontaneously 
encourage mathematically-based learning processes in situation-dependent contexts,” (p. 110). 
To ensure this occurs, educators must receive sufficient pre- and in-service professional 
development to properly equip them with the skills and knowledge to effectively teach 
mathematics to young children.   
The assertion that educators can become more competent in early mathematics content by 
participating in ongoing, content-focused professional development is also evident in Sheridan et 
al.’s (2019) study of an online early mathematics professional development platform. These 
authors recognize that the literature supports incorporation of early mathematics-focused 
professional development for educators, specifically that which emphasizes conceptual 
understanding rather than purely procedural fluency. Sheridan, et al. researched how educators’ 
perceptions and attitudes about their own comfort with teaching mathematics impacted the 
educators’ abilities to effectively teach mathematics in the early grades. Professional 
development, the authors assert, must be tailored to meet the comfort levels and ever-changing 
needs of participants. Their study of educators’ interactions on an online learning site focused on 
early mathematics professional development found that participants overwhelmingly indicated 
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the site’s available professional development removed geographical and time barriers of 
traditional, face-to-face professional development. Moreover, the educators’ comfort levels with 
the early mathematics content raised because the educators indicated they received 
individualized attention from course instructors. Criticisms of the platform reveal that 
communication between participants and a lack of feedback from an instructor were factors that 
impacted participants’ overall happiness with the early mathematics-focused professional 
development.  
Family engagement: Research supports the assertion that children whose families 
participate in their school experience are more likely to perform at higher levels on standardized 
assessments than their peers whose families do not participate in school engagement 
opportunities (Remillard & Jackson, 2006). When families feel welcome to provide their input 
about their child to the child’s educators, family members are more likely to form a positive 
relationship with their child’s educators. These positive relationships make two-way 
communication about children’s development and achievement more likely to occur regularly, 
which increases the likelihood that children will be successful in school (Sciaraffa et al., 2017).   
The ways parents learned math may differ from how children learn math. Remillard and 
Jackson (2006) indicate that recent reforms that have shifted from emphasizing purely rote or 
procedural understanding of mathematical concepts to a more conceptual understanding of 
problem solving and mathematical thinking have led to many families, especially those from 
low-income households, to feel unprepared to assist their child with mathematics (Remillard & 
Jackson, 2006).  This is largely due to the fact that many families from low-income households 
have less education and fewer positive experiences from their own schooling from which to base 
the support they are able to provide their child (Remillard & Jackson, 2006).  
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Effective Principal Feedback: The impact the school principal can have on an educator’s 
ability to provide high-quality programming and educational content is noted in the research. For 
example, Buckner and McDowelle (2000) note that principals must help educators become 
teacher leaders, but must first be comfortable themselves with the fact that teacher leaders can 
serve as assets to the school. Also, Buckner and McDowelle assert that principals must help 
educators develop leadership skills; to do this, it is critical that regularly scheduled, detailed 
feedback is provided by the principal to the educator. The authors also note that it is important to 
start all feedback sessions with what educators have done well, and to limit constructive 
feedback so weaknesses are not the focus of feedback sessions. Comfort must be present by the 
educator and principal for feedback to be effective and useful (Buckner & McDowelle, 2000).   
The school principal should regularly serve as a problem solver who encourages 
educators to learn about and utilize innovative practices in their teaching (Leone et al., 2009). 
Motivating educators and staff to grow continuously is another important duty of the school 
principal.  Cultivating educators’ motivation requires the school principal to be a change agent 
who communicates effectively and consistently with educators and staff (Leone et al., 2009). The 
extent to which educators feel they are supported in their teaching practices and as professionals 
will largely impact their ability to effectively reach the children they serve. The next section of 
this chapter focuses on the status of early mathematics in West Virginia schools.  
Early Mathematics in West Virginia Schools 
The status of early mathematics in West Virginia schools must be prefaced with a larger, 
more global understanding of the state’s unique perspective and vision regarding early and 
elementary learning for children in pre-k through grade five. The state’s commitment to the 
importance of quality across content areas in the early and elementary grades as critical for later 
26 
success has led to the development of a comprehensive approach to early and elementary 
learning programming. Several large-scale early learning efforts in West Virginia over the past 
two decades have led to the inception of this comprehensive approach.  
West Virginia’s Comprehensive Approach to Early Learning: The first major thrust to 
support early learning in the state focuses on development of a universal, voluntary pre-k system 
for four-year-old children. In the early 2000s, return on investment projections for early 
childhood education programs ranged from $6-$7 for every dollar invested (Garcia et al., 2016). 
Realizing the potential impact of a year of high-quality early education programming in the 
highly-rural, high-poverty state of West Virginia, state leaders moved quickly to create 
legislation for a voluntary universal pre-k program. As a result, West Virginia became one of the 
many states making the commitment to implement a voluntary universal pre-k program for four-
year-old children (and three-year-old children with special needs) during that same period. Near 
the conclusion of the 2002 legislative session, the West Virginia legislature mandated that all 55 
counties build a system to provide access to high-quality pre-k for all four-year-old and three-
year-old children with special needs by the conclusion of the 2012-2013 school year. This 
legislation required a focus on collaboration with local level partners, as well as an emphasis on 
high-quality, developmentally appropriate programming, for all programs.  
Following the 2002 West Virginia legislative session, calculated efforts were established 
at both the state and local levels to ensure an appropriate infrastructure of support was in place 
for development of West Virginia Universal Pre-K programs. The system has grown into a 
nationally-recognized program, boasting a 76% four-year-old participation rate in place for 
2017-2018 (West Virginia Department of Education, 2018a). As partnerships were forged 
between local education agencies and childcare or Head Start programs, attention to quality also 
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became a priority for those with oversight of the growing program. Friedman-Kraus et al. (2019) 
note that West Virginia currently meets 9 of 10 quality pre-k benchmarks. These quality 
benchmarks focus on items such as teacher educational attainment level, class size and ratio, and 
requirements for staff development. All 55 West Virginia school districts met the requirements 
for universal access per state law by the conclusion of the 2012-2013 school year; as a result, 
West Virginia Universal Pre-K serves as the original catalyst that led to the development of a 
more comprehensive approach to early and elementary learning for the state’s education system 
(W. Burch, personal communication, March 1, 2020).     
As more and more states legislate public pre-kindergarten programs for four-year-olds, an 
increased focus has developed over the past decade nationally that elevates the importance of the 
pre-kindergarten through grade three years as critical for children’s future development and 
success. It is well-documented that the third-grade year is pivotal for reading proficiency 
(National Reading Panel, 2000). Also it is important to note that child development research 
places the years of birth through age eight of the lifespan together as the early childhood years. 
This pre-k through grade three approach has taken hold in West Virginia, beginning in 2012 with 
the implementation of West Virginia’s Comprehensive Approach to Early and Elementary 
Learning, which extends beyond grade three to include grades four and five as well (W. Burch, 
personal communication, March 1, 2020).  
West Virginia Board of Education Mathematics Policies: Mathematical standards have 
been prevalent in states for decades, as the standard-based reform efforts of the 1980s brought to 
the forefront the concept that state-approved standards would help close achievement gaps 
(Dingman et al., 2013).  These authors assert that states utilized the overall low performing data 
from national studies, such as the Second International Mathematics Study, to garner states’ 
28 
interest in developing their own state mathematics standards to either complement or coordinate 
with the tenets of existing state accountability systems (Dingman et al., 2013). The development 
of many states’ mathematical standards was further defined by the National Council of Teachers 
of Mathematics’ (NCTM) publication titled Curriculum and Evaluation Standards for School 
Mathematics, which looked at mathematical standards and goals for grades kindergarten through 
twelve. The majority of states looked at mathematics standards as learning goals in 
programmatic grade bands (i.e., K-2, 3-5) during this period (Dingman et al., 2013).  
Federal legislation resulting in 2002’s No Child Left Behind Act (NCLB) ramped up 
testing requirements for states, and led to many states creating grade-specific standards for 
kindergarten through twelfth grade (Dingman et al., 2013). The variety of standards across the 
states led to a call for common standards throughout; as a result, the Common Core State 
Standards Initiative (CCSSI) was developed in 2009 by leaders of the National Governor’s 
Association (NGA) and the Council of Chief State School Officers (CCSSO) (Dingman et al., 
2013). The West Virginia Board of Education adopted its version of these standards in 2011, and 
referred to them as the West Virginia Next Generation Standards for Mathematics (West 
Virginia Department of Education, 2020b). These standards were released alongside English 
Language Arts standards of the same title.  
Following increased criticism from legislators and others that the West Virginia 
Mathematics and English Language Arts standards were part of national standards that lowered 
student achievement, the West Virginia Department of Education initiated the West Virginia 
Academic Spotlight in 2015. The West Virginia Academic Spotlight allowed citizens and 
stakeholders the opportunity to comment publicly about the content, organization, and structure 
of the West Virginia Next Generation Standards for Mathematics and English Language Arts. 
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Led by the state’s two largest institutions of higher education, West Virginia University and 
Marshall University, over 250,000 public comments were received that led to the development of 
a revised set of standards for both content areas (West Virginia Department of Education, 
2020c). The West Virginia Next Generation Content Standards and Objectives were officially 
repealed in December 2015. They were replaced by the West Virginia College- and Career- 
Readiness Standards, with Mathematics and English Language Arts policies being the first 
content areas to undergo this repeal and replace process.  
In West Virginia, pre-k through grade 12 mathematics content standards are established 
by the West Virginia Board of Education, and are based on research, best practices, and 
stakeholder input. Content standards represent end-of-year expectations of what children should 
know, understand, and be able to do. The curriculum itself differs from the standards, as the 
curriculum is locally-determined by counties, schools, and even teachers. The curriculum 
includes the strategies and methods that are utilized to reach the standards (West Virginia 
Department of Education, 2019).  
Two West Virginia Board of Education Policies are currently approved that promote the 
teaching of mathematics, one for K-12 education and one for pre-k (ages 3-5) education. The 
first policy that includes mathematics is the K-12 West Virginia College- and Career- Readiness 
Standards for Mathematics (West Virginia Board of Education Policy 2520.2B). This policy was 
filed with the West Virginia Secretary of State’s office December 18, 2015 and made effective 
July 1, 2016. The policy repealed and replaced the Next Generation Content Standards and 
Objectives for Mathematics in West Virginia Schools (West Virginia Board of Education, 
2020a). The second policy that includes mathematics is the West Virginia Pre-K Standards (ages 
3-5) (West Virginia Board of Education Policy 2520.15). This policy was filed with the West 
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Virginia Secretary of State’s office October 12, 2017 and made effective July 1, 2019. This 
policy repealed and replaced the Early Learning Standards Framework Content Standards and 
Learning Criteria for West Virginia Pre-Kindergarten (West Virginia Board of Education, 
2020b). The West Virginia College- and Career- Readiness Standards for Grade One 
Mathematics includes four major domains: operations and algebraic thinking, number and 
operations in base ten, measurement and data, and geometry (West Virginia Department of 
Education, 2020d).  
West Virginia’s PreK-Grade 12 Mathematical Habits of Mind 
To complement the West Virginia College- and Career- Readiness Standards for 
Mathematics, a set of specific processes, or habits, have been adopted alongside the state-
approved mathematics content standards. The West Virginia Mathematical Habits of Mind (WV 
MHM) were developed based on the National Council for Teachers of Mathematics’ Standards 
of Mathematical Practices and then tweaked during the 2015 West Virginia Academic Spotlight 
standards revision process. West Virginia’s math4life Campaign state team continues to develop 
documents to support integration of the WV MHM into classroom instruction (West Virginia 
Department of Education, 2020d). The eight West Virginia Mathematical Habits of Mind (WV 
MHM) are:  
1. Make sense of problems and persevere in solving them.  
2. Reason abstractly and quantitatively.  
3. Construct viable arguments and critique the reasoning of others.  
4. Model with mathematics.  
5. Use appropriate tools strategically.  
6. Attend to precision.  
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7. Look for and make use of structure.  
8. Look for and express regularity in repeated reasoning  
The WV MHM are to be integrated into all mathematics lessons and experiences for 
children. As noted by Wilkinson (2018), mathematical application is developed by processes that 
include critical thinking, problem solving, and discovery. These processes, or habits, assist 
children as they move from concrete mathematical concepts to more abstract ones. When 
educators give children the opportunity to engage in conversations and problem solving exercises 
about the processes they use to come to a conclusion, children are more likely to develop habits 
that will resonate with them in subsequent grade levels (Wilkinson, 2018).  An important 
distinction about the WV MHM is that while the overall WV MHM are written for pre-k through 
grade 12, they are interpreted differently at each grade level to ensure developmentally 
appropriate integration as part grade-specific, standards-based mathematics instruction (West 
Virginia Department of Education, 2020d).  
Research supports the utilization of thinking processes and concepts similar to those 
incorporated into the WV MHM. For example, Blazar found in his (2015) study of effective 
elementary mathematics teaching practices that inquiry-based teaching methods yielded higher 
achievement outcomes than did didactic methods. Inquiry-based teaching may include methods 
such as problem solving, asking open-ended questions, and encouraging students to think about 
their process versus simply their product. These and other inquiry-based teaching practices were 
strongly associated with increased student achievement for elementary-aged children (Blazar, 
2015). Similarly, Aubrey et al.’s (2012) study of the use of thinking skills with English and 
Welsh five- and six-year-old children focused on the relationship between early mathematics 
achievement and higher level thinking skills. In this study, Aubrey et al. investigated how 
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approaches to learning that emphasize thinking skills, or habits, transfer to mathematical learning 
with children. Their findings indicate in part that children’s mathematics vocabulary and 
problem solving were heightened by the use of curricula that emphasized thinking skills. 
Intensity of the educator’s use of mathematics-focused open-ended questioning, collaborative 
conversations, and challenging content with children largely determined the extent to which the 
children in the study excelled in mathematics (Aubrey et al., 2012).  
West Virginia Mathematical Habits of Mind Descriptors and Relationships: An overview 
of how the WV MHM fit under specific categories demonstrates the relationships between the 
individual WV MHM. The West Virginia math4life state team developed a WV MHM Toolkit 
(West Virginia Department of Education, 2020d) that includes a breakdown of how educators 
can utilize the WV MHM in their classrooms. One section in this toolkit looks at practical 













Figure 1: West Virginia Mathematical Habits of Mind Categorical Determinations (West 
Virginia Department of Education, 2020d): 
 
The first category, Overarching Habits of Mind of a Productive Mathematical Thinker, 
includes WV MHM 1 and 6, both of which focus on problem solving and attending to precision 
when speaking and solving mathematical problems. Specifically, WV MHM 1 (Make sense of 
problems and persevere in solving them.) focuses on children’s use of reasoning skills and the 
mathematical process, rather than one right answer. WV MHM 6 (Attend to precision.) relates to 
children’s use of precise and exact mathematical vocabulary, along with precise and exact 
measurements and explanations.   
The second overarching WV MHM category, Reasoning and Explaining, includes MHM 
2 and 3, which focus on developing reasoning skills and constructing arguments and critiques of 
others. WV MHM 2 (Reason abstractly and quantitatively.) focuses on breaking apart problems 
into other ways than simply the standard algorithm to create a more logical representation. WV 
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MHM 3 (Construct viable arguments and critique the reasoning of others.) includes having 
mathematical conversations to support or oppose the work of others.  
The third overarching WV MHM category is Modeling and Explaining, which includes 
using mathematics in other content areas to make mathematics relevant and using tools to 
complete mathematical problems. WV MHM 4 (Model with Mathematics.) encourages children 
to use math to solve real-world problems across content areas to better understand and articulate 
the world around them. WV MHM 5 (Use appropriate tools strategically.) focuses on the use of 
the appropriate mathematical tools to solve problems.  
The fourth overarching WV MHM category, Seeing Structure and Generalizing, includes 
WV MHM 7 and 8, and focuses on establishing relationships, patterns, clear definitions, and 
attention to details when completing mathematical work. WV MHM 7 (Look for and make use of 
structure.) allows children to develop use of multiple strategies and realize that problems may 
have multiple parts. WV MHM 8 (Look for and express regularity in repeated reasoning.) helps 
children learn to take mathematical reasoning and apply it to other situations to make 
generalizations about other sorts of problems (West Virginia Department of Education, 2020f). 
The categorical relationships in Figure 1 support Frye et al.’s (2013) assertion that 
children should have regular opportunities to help them build the understanding that 
mathematics is present in their everyday lives. Becoming a productive mathematical thinker 
supports overarching habits of mind that can increase linkages between mathematics and 
connections to other content both in and out of school. This assertion is supported by Slavin and 
Lake (2008), who note that “the key to improving math achievement outcomes is changing the 
way teachers and students interact in the classroom,” (p. 475). Slavin and Lake completed a 
meta-analysis of 87 studies that examined various mathematical interventions. Their findings 
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note that instructional process strategies such as active engagement, collaboration, and 
motivating children to engage in the learning process are most worthwhile to promote children’s 
mathematical achievement (Slavin and Lake, 2008). The authors also note that the National 
Council of Teachers of Mathematics’ (NCTM) movement to encourage educators to incorporate 
problem solving into mathematics instruction may yield gains on the National Assessment of 
Educational Progress (NAEP) over time.  
Educator Training for the West Virginia Mathematical Habits of Mind: In the early 
grades, the WV MHM are typically taught through an integrated approach as part of mathematics 
instruction. Educator training to support integration of the concepts found within the WV MHM 
can be broken into two categories: training for pre-service educators and training for in-service 
educators. Pre-service educators should be supported to try standards-focused instructional 
strategies with children; moreover, they should also have opportunities to gain the competencies 
necessary to become reflective educators in their practice (Wickstrom et al., 2018). Wickstrom et 
al. conducted an action research study to determine the major trends with pre-service elementary 
educators who were focusing on elementary mathematics. They found that the pre-service 
educators felt it would be much easier to teach first grade children, for example, how to do 
different addition problems, than it actually proved to be. The lack of time to grapple with 
mathematical concepts and teaching practices, argue Wickstrom and team, keeps many pre-
service educators from being able to adequately relay mathematical concepts when they make it 
to the classroom setting.  
Similarly, Simpson and Linder (2014) studied preservice and in-service educator 
professional learning in the area of mathematics to determine how well prepared these groups of 
educators were to teach math to young children ages birth to five. The researchers used a mixed-
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methods design, and determined that the extent to which both pre- and in-service educators 
were prepared to adequately teach mathematics, even to very young children, was largely 
inadequate. This particular study found that for pre- and in-service educators of children ages 
birth to five, the majority of professional learning was focused around one-hour sessions that 
did not include sustained follow up or support. Moreover, this study found that only 1.9 percent 
of respondents indicated that the mathematics-focused professional learning they received 
focused on mathematical habits, or processes, over mathematical products (Simpson & Linder, 
2014).  
Polly et al. (2014) studied the effects of a long term, mathematics-focused professional 
learning initiative on elementary educators’ mathematical beliefs and knowledge. Twenty eight 
elementary educators serving children ages 5-10 years old were included in this study based in 
the southeastern United States. Over a 13-month period, educator participants completed over 
84 hours of professional learning in the area of early mathematics. The first 48 hours were 
completed during a summer professional learning institute, while the remaining hours were 
completed throughout the school year and into the following summer. The project aimed in part 
to increase educators’ abilities to utilize inquiry-based approaches when teaching children 
mathematics. Following the professional learning, the researchers noted that the participants had 
statistically significant increases in their knowledge of mathematics. Moreover, the participants’ 
attitudes and classroom practices yielded increases in teaching mathematical habits, or 
processes, in the classroom with children (Polly et al., 2014).  
In-service educator training surrounding the WV MHM is embedded into any subsequent 
professional learning educators receive that is focused on mathematics. When an educator is 
working on an advanced degree or salary classification, the educator may choose to pursue e-
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learning or other forms of professional learning that are either graded or non-graded, based on 
the educator’s goals. Otherwise in West Virginia, county- and school-level administrators 
typically determine the subject and intensity of professional learning for educators. These 
decisions are often made based on the amount of professional learning time that is built into the 
school calendar.  
Educators also have the opportunity to utilize online resources that focus on the WV 
MHM. The West Virginia Department of Education (2020e) provides a large number of 
resources that focus on mathematics via the West Virginia math4life campaign. Initiated in 2018, 
the West Virginia math4life website includes resources for educators, administrators, families, 
and students. The educator component of the website includes links such as the actual content 
standards and the WV MHM.  
Literature Review Summary 
The mathematical crisis occurring in West Virginia has origins that begin during the early 
years of children’s schooling. The decision to study the early grades was made because research 
indicates that if learning gaps are not closed early, they are progressively less likely to close as 
children move forward in school. Specifically, this study aims to look at first grade classrooms 
because data from the West Virginia Early Learning Longitudinal Study indicates that 
instructional support in sampled first grade classrooms was exceptionally low. Use of the West 
Virginia Mathematical Habits of Mind is intended to assist with closing these instructional 
support gaps by helping children develop processes and internal protocols to become more well-
equipped to be successful in their mathematical application and understanding. While the 
primary purpose of this study was to investigate West Virginia first grade educators’ perceptions 
of their confidence with integration of the West Virginia Mathematical Habits of Mind into their 
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daily instructional practices, this study will also examine barriers and supports to utilizing the 
WV MHM into daily routines. Chapter Three details the research methods of this study.  
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CHAPTER 3  
RESEARCH METHODS 
This study used descriptive statistics to determine educators’ perceptions regarding their 
perceived levels of comfort with integration of the West Virginia Mathematical Habits of Mind 
(WV MHM) into their classroom instructional practices. Specifically, this study examined the 
perceptions of first grade educators from seven West Virginia counties. The study also explored 
participants’ perceived barriers to and supports for integrating the WV MHM into their 
classroom practices. The research methods that comprise this chapter include in-depth 
descriptions focused on research design, population and participants, instrumentation, data 
collection procedures, and data analysis.  
Research Design 
This study was based on a non-experimental quantitative data collection utilizing 
descriptive survey research. The dependent variables in this study are educators’ perceived levels 
of comfort in their abilities to integrate the West Virginia Mathematical Habits of Mind into 
classroom instructional practices and their perceptions of barriers and supports for integration. 
Educator demographics such as years of experience as an educator, years of experience as a first 
grade educator, educational attainment, and gender are the independent variables.  
Population and Participants   
The targeted population of this study included grade one educators from the seven West 
Virginia counties that were included in the West Virginia Early Learning Longitudinal Study. 
The West Virginia Early Learning Longitudinal Study was discussed in-depth in Chapter Two. 
The counties included in the West Virginia Early Learning Longitudinal Study include Fayette, 
Greenbrier, Kanawha, Nicholas, Putnam, Roane, and Wood. These seven counties were initially 
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targeted for the West Virginia Early Learning Longitudinal Study because their West Virginia 
Universal Pre-K participation rates were lower than state averages, which made the search for a 
control group more manageable for researchers. The bridge between the West Virginia Early 
Learning Longitudinal Study and this study has been made due to the low levels of instructional 
quality determined in grade one among the seven counties indicated above. Moreover, these 
counties had a lower percentage of children attending West Virginia Universal Pre-K, which 
means those children did not receive the intervention of universal pre-k. It could be argued that 
it is particularly critical for the children from these seven counties to have access to and 
experience with the WV MHM to help ensure their long term mathematical success.  
To determine the names, emails, schools, and counties of participants, the West Virginia 
Education Information System (WVEIS) was utilized. Survey completion was voluntary, and 
respondents’ identities remain anonymous. The survey did ask participants for the county in 
which they serve, as well as their years of overall teaching experience, their years of teaching 
first grade, and their gender in the demographics section of the survey. The Instrumentation 
section of this chapter provides information about the creation of and an in-depth description of 
the instrument which was utilized for this study.  
Instrumentation  
The survey used to collect data for this study is entitled WV Mathematical Habits of 
Mind Survey (Appendix D). The survey was developed by cross referencing the WV MHM with 
explanations and examples for grade one found within the West Virginia Math4life Grade One 
Educator Guide (West Virginia Department of Education, 2020d). Section One of the survey is 
an inventory that focuses on grade one educators’ perceptions of the extent to which they 
integrate the WV MHM into their classroom instructional practices. This section utilizes a four-
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point Likert scale, with options from which participants selected that included Not Confident, 
Somewhat Confident, Confident, and Very Confident. Section Two of the survey asked 
participants to indicate the impact of various barriers to teaching the WV MHM in their 
classrooms. A four-point Likert scale was utilized for this section, with options from which 
participants selected that included Not at all Impactful, Somewhat Impactful, Impactful, and 
Very Impactful. Section Three of the survey asked participants to indicate the extent to which 
they perceive they receive support for teaching the WV MHM in their classrooms. A four-point 
Likert scale was utilized for this section, with options from which participants selected that 
included No Support, Limited Support, Adequate Support, and Extensive Support. Section Four 
of the survey focused on participant demographics, asking participants to indicate their years of 
teaching first grade; their total years of teaching experience (both from a range of years 
including options of 0-4 years, 5-9 years, 10-14 years, 15-19 years, or 20 or more years); their 
level of education (selecting from B.A., M.A., Ed.D., or Other); gender; and the amount of clock 
hours of professional learning they participated in that has focused on early mathematics over 
the past two school years (ranging from 0 hours, 1-3 hours, 4-6 hours, or 7 or more hours).    
To confirm the survey that that was utilized for this study, a pilot study was implemented 
with a core group of West Virginia educators who are involved in the WV Department of 
Education Mathematics for Life Team. This pilot study assisted with determining content 
validity of the instrument, and was given to approximately ten educators. The researcher 
incorporated the pilot study participants’ suggestions to finalize the survey.  
Also, the survey data completed by the study participants were used to calculate the 
Cronbach Alpha reliability measure for the survey. The survey questions concerning participant 
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perceptions of the extent to which they integrate the WV MHM into their classroom instructional 
practices resulted in a high reliability measure of 0.960. 
Data Collection Procedures 
Data was collected via a form created in Microsoft Forms. Microsoft Forms is an online 
application/ website that is provided at no charge to all West Virginia educators as part of the 
Microsoft Office 365 Suite. Microsoft Office is also the platform upon which West Virginia 
educators utilize their work email and other functions such as Microsoft Word, Microsoft Excel, 
and Microsoft Power Point. Therefore, the Microsoft Forms application is located in the suite of 
resources of which West Virginia educators are already familiar. No downloads are required, as 
a survey link was emailed to each participant by their county superintendent (or their designee).   
Given the current COVID-19 pandemic, educators are focused on helping to close 
learning gaps among the children they serve. As a result, the survey was deployed in mid- July 
to late- August, 2020 (prior to the beginning of the current school year). The researcher worked 
with the West Virginia Department of Education’s Office of Data Governance to provide the 
emails of all educators from the seven targeted counties who are assigned to a first grade 
classroom. This information is public data, and the West Virginia Department of Education’s 
Institutional Review Board Chair indicated that an email data request to the West Virginia 
Department of Education’s Data Governance Manager would allow access to a Microsoft Excel 
spreadsheet with the needed information for participants such as emails, grade one level 
teaching, and county.  
To prepare for dissemination of the survey, the researcher gained permission from the 
West Virginia Department of Education’s Assistant State Superintendent for Teaching and 
Learning to share information about the intent of the study and the pending survey with the 
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superintendents and/or their chief instructional leaders (typically assistant superintendents, 
curriculum directors, or other county-level staff) from the seven West Virginia counties 
included in the study. This occurred in early July, 2020. The researcher of this study has 
developed rapport with these seven county chief instructional leaders over the past several years 
due to the researcher’s position of Director of the state’s Office of Early and Elementary 
Learning, and because of an ongoing partnership with the West Virginia Early Learning 
Longitudinal Study. The researcher partnered with county chief instructional leaders from each 
of the seven counties and asked them to assist with dissemination of the survey to their first 
grade classroom educators.  
The researcher began this process by contacting the seven county chief instructional 
leaders via email to give an overview of the study, answer any questions, and to confirm 
permission to partner with them by disseminating the survey to their first grade educators of 
their particular county. Two hundred and twenty one first grade classroom educators from the 
seven West Virginia counties received the survey. The seven county chief instructional leaders 
were asked to send a signed letter acknowledging their permission addressed to the primary 
investigator. These signed letters are included in the “Documents in this Package” list for this 
study’s IRB protocol. 
After receiving all seven signed letters, an email was sent to each of the seven county 
chief instructional leaders containing the link to the survey along with the emails of the first 
grade classroom teachers in their particular county. The county chief instructional leaders 
forwarded the link along with the Voluntary Consent to Participate in the Research Study 
information to each of their first grade teachers to complete the survey. On the first screen of the 
survey, participants were again presented with the Voluntary Consent to Participate in the 
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Research Study information that included a brief explanation of the study and an assurance that 
participation was voluntary and anonymous. Participants were assured that there would be no 
penalty or loss of benefits if they chose not to participate, and that all questions did not have to 
be answered. Participants were given contact information for the primary investigator, the co-
investigator, and Marshall University’s Office of Research Integrity along with a statement that 
they may keep or print the page for their records. 
Data Analysis 
The data analysis utilized version 25 of the Statistical Package for Social Sciences 
(SPSS) to analyze each research question. Each of the research questions was examined for 
significance at the .05 level of significance. Research Question 1 was analyzed using the non-
parametric Chi-Square statistic for participant perceptions of confidence in providing 
instructional classroom opportunities for children to exhibit Mathematical Habits of Mind in 
Grade 1. An ordinal Likert Scale was used with responses of Not At All Confident, Somewhat 
Confident, Confident, and Very Confident. Research Question 2 was analyzed using the non-
parametric Chi-Square statistic for participant perceptions of barriers to integrating mathematical 
habits of mind in Grade 1. An ordinal Likert Scale was used with responses of Not At All 
Impactful, Somewhat Impactful, Impactful, and Very Impactful. Research Question 3 was 
analyzed using the non-parametric Chi-Square statistic for participant perceptions of supports to 
integrating mathematical habits of mind in Grade 1. An ordinal Likert Scale was used with 
responses of No Support, Limited Support, Adequate Support, and Extensive Support. Research 
Question 4 was analyzed using non-parametric Mann-Whitney U and Kruskal-Wallis tests to 




DATA ANALYSIS AND FINDINGS 
Introduction 
This chapter presents the study survey results. Sections follow that focus on data 
collection, participants, and data analysis. The purpose of this study was to determine the extent 
to which first grade educators in West Virginia perceived confidence with integration of the 
West Virginia Mathematical Habits of Mind (WV MHM) into their classroom instructional 
practices. A survey initiated via Microsoft Forms was sent to 221 first grade educators across 
seven West Virginia counties. The survey was written to gain specific information about how 
participants perceive they integrate the WV MHM, and also to identify perceived barriers to and 
supports for effective integration of the WV MHM into their classroom practices. The survey 
also included demographic questions to determine the effect, if any, demographics have on first 
grade educators’ perceptions of their ability to integrate the WV MHM. The resulting data may 
be useful to state early and elementary learning leaders at the West Virginia Department of 
Education, as well as to county chief instructional leaders, curriculum leaders, administrators, 
and others who work with or on behalf of young children.  
Population 
 A Microsoft Forms survey was distributed to 221 first grade classroom educators from 
Fayette, Greenbrier, Kanawha, Nicholas, Putnam, Roane, and Wood Counties in West Virginia. 
Of the 221 surveys distributed, 37 were returned with a return rate of 16.74%. The low return 
rate is attributed to educators’ focus on school reentry as a result of the COVID-19 worldwide 
pandemic. Also, after initial survey dissemination and a subsequent follow up email to the 
distribution list, the researcher was directed by the West Virginia Department of Education to 
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allow educators the opportunity to focus on reentry to school process; as a result, the researcher 
was unable to modify the study to include components such as targeted interviews or other forms 
of contact to gain additional information. To address the low return rate, the researcher explored 
the use of non-parametric tests to analyze the data. Especially for Research Question 4, although 
the return rate was low, the non-parametric tests were used with confidence to analyze the data 
because the participants were distributed adequately throughout the demographic variables. See 
Table 12. 
Research Questions 
The study on West Virginia first grade educators’ perceptions about their confidence with 
integrating the West Virginia Mathematical Habits of Mind (WV MHM) into their classroom 
practices focused on the following research questions:  
RQ1. To what extent do West Virginia grade one educators perceive their confidence with 
providing instructional classroom opportunities for children to develop mathematical habits of 
mind? 
RQ2. To what extent do West Virginia grade one educators perceive specific barriers affect 
their integration of mathematical habits of mind? 
RQ3. What do West Virginia grade one educators perceive as effective supports to 
integrating mathematical habits of mind? 
RQ4. What effect, if any, do certain demographics have on West Virginia grade one 
educators’ perceptions for providing instructional classroom opportunities for children to 





This study was based on a non-experimental quantitative data collection utilizing 
descriptive survey research.  The dependent variables in this study were educators’ perceived 
levels of confidence in their abilities to integrate the West Virginia Mathematical Habits of Mind 
(WV MHM) into classroom instructional practices and their perceptions of barriers and supports 
for integration. Participant demographics noted as years of experience as an educator, years of 
experience as a first grade educator, educational degree attainment, and gender were the 
independent variables.  
The survey used to collect data for this study was entitled WV Mathematical Habits of 
Mind Survey (Appendix D). The survey was developed by cross referencing the WV MHM with 
explanations and examples for grade one found within the West Virginia Math4life Grade One 
Educator Guide (West Virginia Department of Education, 2020d). Section One of the survey is 
an inventory that focuses on grade one educators’ perceptions of their confidence with 
integration of the WV MHM into their classroom instructional practices. This section utilized a 
four-point Likert scale, with options from which participants selected that included Not 
Confident, Somewhat Confident, Confident, and Very Confident. Section Two of the survey 
asked participants to indicate the impact of various barriers to teaching the WV MHM in their 
classrooms. A four-point Likert scale was utilized for this section, with options from which 
participants selected that included Not at all Impactful, Somewhat Impactful, Impactful, and 
Very Impactful. Section Three of the survey asked participants to indicate the extent to which 
they perceive they receive support for teaching the WV MHM in their classrooms. A four-point 
Likert scale was utilized for this section, with options from which participants selected that 
included No Support, Limited Support, Adequate Support, and Extensive Support. Section Four 
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of the survey focused on participant demographics, asking participants to indicate their years of 
teaching first grade; their total years of teaching experience (both from a range of years 
including options of 0-4 years, 5-9 years, 10-14 years, 15-19 years, or 20 or more years); their 
level of education (selecting from B.A., M.A., Ed.D., or Other); gender (male or female); and the 
amount of clock hours of professional learning they participated in that has focused on early 
mathematics over the past two school years (ranging from 0 hours, 1-3 hours, 4-6 hours, or 7 or 
more hours).    
Data Analysis  
Quantitative data were provided in the form of Likert scale and yes/no responses. These 
data were analyzed using the non-parametric Chi-Square, Mann-Whitney U, and Kruskal-
Wallace tests. Percentages were calculated to describe demographic data. Qualitative survey data 
from the open response questions were analyzed to identify themes. The following presents the 
statistical analysis of data for each research question along with a summary of the demographics.  
Research Question 1 Analysis: To what extent do West Virginia grade one educators 
perceive they provide instructional classroom opportunities for children to develop mathematical 
habits of mind? To address Research Question 1, data was analyzed from participants’ responses 
to Survey Section One concerning their perceptions of confidence with integration of the WV 
MHM into their existing classroom instructional practices. Survey Section One included 
questions for 28 sub-components based on the eight WV MHM. Data for each component of the 
questions focusing on first grade teachers’ perceptions of their confidence for implementing the 
WV MHM  1-8 follows.  
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Table 2 presents the data analysis of first grade teachers’ perceptions of their confidence 
for implementing WV MHM 1, make sense of problems and persevere in solving them, using the 




First Grade Teachers’ Perceptions of Confidence for Implementing MHM 1: Make sense of 
problems and persevere in solving them. 
 
 Participant Response Frequencies  
















1.1 Explain to 
themselves the 
meaning of a problem 
and look for ways to 
solve it. 








14.486 .001 * 
1.2 Use concrete 
objects or math 
drawings to help them 
conceptualize and 
solve problems. 









1.3 Check their 
thinking by asking 
themselves, “Does this 
make sense?” 
37 4  
(11%)   
9  






1.4 Be willing to try 
different approaches to 










* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 1 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with all four subcomponents of 
this WV MHM, which focuses on helping children make sense of problems and persevere in 
solving them. Upon closer examination of the data showing significance, it may be noted there is 
an overall trend in all four subcomponents leaning toward most participants feeling confident or 
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very confident about their abilities to successfully integrate this WV MHM into their classroom 
practices. In fact, significance for subcomponents 1.1, 1.3, and 1.4 is found at the Confident level 
compared to the other levels, whereas significance for subcomponent 1.2 is found at the 
Confident and Very Confident levels compared to the other indicators.  
 Table 3 presents the data analysis of first grade educators’ perceptions of their confidence 
for implementing WV MHM 2, reason abstractly and quantitatively, using the Chi Square 
statistical test.  
Table 3 
 
First Grade Teachers’ Perceptions of Confidence for Implementing MHM 2: Reason 
abstractly and quantitatively 
 
  Participant Response Frequencies   
















2.1 Connect quantity 
to written symbols. 






















2.3 Utilize the 
problem solving 
process to solve 
equations.  









2.4 Reason about ways 
to partition two-
dimensional geometric 
figures into halves and 
fourths.  









* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 2 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with all four subcomponents of 
this WV MHM, which focuses on helping children reason abstractly and quantitatively. Upon 
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closer examination of the data showing significance, it may be noted there is an overall trend in 
all four subcomponents leaning toward most participants feeling somewhat confident or 
confident about their abilities to successfully integrate this WV MHM into their classroom 
practices. Significance for all four subcomponents of WV MHM 2 is found at the Confident level 
compared to the other levels.  
Table 4 presents the data analysis of first grade educators’ perceptions of their confidence 
for implementing WV MHM 3, construct viable arguments and critique the reasoning of others, 



















First Grade Teachers’ Perceptions of Confidence for Implementing MHM 3: Construct viable 
arguments and critique the reasoning of others  
 
  Participant Response Frequencies   



















such as objects, 













as they participate in 
mathematical 
discussions involving 
questions such as, 
“How did you get 
that?”; “Explain your 
thinking.”; or “Why is 
that true?” 









3.3 Explain their own 
thinking and listen to 
the explanations of 
others.  









3.4 Use a variety of 
strategies to solve 
tasks and then share 
and discuss their 
problem solving 
strategies with their 
classmates. 









* Significance attained at p<0.05 
  
The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 3 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with all four subcomponents of 
this WV MHM, which focuses on helping children construct viable arguments and critique the 
reasoning of others. Upon closer examination of the data showing significance, it may be noted 
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there is an overall split in all four subcomponents of this WV MHM, which indicates that most 
participants feel somewhat confident or confident about their abilities to successfully integrate 
this WV MHM into their classroom practices. Furthermore, significance across all four 
subcomponents is found in the Somewhat Confident and Confident levels compared to the outer 
levels (Not Confident and Very Confident) of the 4-point Likert scale.  
Table 5 presents the data analysis of first grade educators’ perceptions of their confidence 




















First Grade Teachers’ Perceptions of Confidence for Implementing MHM 4: Model with 
Mathematics   
 
  Participant Response Frequencies   
















4.1 Experiment with 
representing problem 
situations in multiple 
ways, such as writing 
numbers, using words 
(mathematical 
language), drawing 
pictures, using objects, 
acting out scenarios, 
making a chart or list, 
or creating equations. 









4.2 Model real-life 
mathematical 
situations with an 
equation to make sure 
equations accurately 
match the problem 
context.  









4.3 Use concrete 
models and pictorial 
representations while 
solving tasks.  









4.4 Be encouraged to 
answer questions such 
as “What math 
drawing or diagram 
could you make and 
label to represent the 
problem?” or “What 












* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 4 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with all four subcomponents of 
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this WV MHM, which focuses on helping children model with mathematics. Upon closer 
examination of the data showing significance, it may be noted there is an overall trend in all 
Subcomponents 4.1, 4.2, and 4.4 leaning toward most participants feeling somewhat confident or 
confident about their abilities to successfully integrate this WV MHM into their classroom 
practices. As a result, significance is split between the Somewhat Confident and Confident levels 
compared to the outer levels (Not Confident and Very Confident) of the 4-point Likert scale for 
subcomponents 4.1, 4.2, and 4.4. Significance in subcomponent 4.3 leans to the right, with the 
significance being found in the Confident and Very Confident levels compared to the other areas 
of the 4-point Likert scale.  
 Table 6 presents the data analysis of first grade educators’ perceptions of their confidence 
for implementing WV MHM 5, use appropriate tools strategically, using the Chi Square 















First Grade Teachers’ Perceptions of Confidence for Implementing MHM 5: Use appropriate tools 
strategically 
 
  Participant Response Frequencies   
















5.1 Begin to use 
available tools 
(including estimation) 
when solving a 
mathematical problem. 
For instance, first 
graders may decide 
that it might be best to 
use multi-colored 
chips to model an 
addition problem. 









5.2 Use tools such as 
counters, place-value 
(base ten) blocks, 
hundreds number 
boards, concrete 
geometric shapes (e.g., 
pattern blocks or 
three-dimensional 




mathematical thinking.  









* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 5 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with one of the two 
subcomponents of this WV MHM, which focuses on helping children use appropriate tools 
strategically. The significance is split in Subcomponent 5.1 between the Somewhat Confident and 
Confident Likert scale responses compared to the outer responses of Not Confident and Very 
Confident. The frequency responses for Subcomponent 5.2 show a somewhat evenly, yet leaning 
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to the right, dispersal pattern for the Likert responses of Not Confident, Somewhat Confident, 
Confident, and Very Confident. The somewhat even distribution of responses resulted in a lack of 
significance on the Chi Square tests for educators’ perceived comfort with integration of this WV 
MHM subcomponent, which focuses on use of tools such as counters, place-value (base ten) 
blocks, hundreds number boards, concrete geometric shapes (e.g., pattern blocks or three-
dimensional solids), and virtual representations to support conceptual understanding and 
mathematical thinking.  
 Table 7 presents the data analysis of first grade educators’ perceptions of their confidence 


















First Grade Teachers’ Perceptions of Confidence for Implementing MHM 6: Attend to precision 
 
  Participant Response Frequencies   
















6.1 Use clear and 
precise language in 
their discussions with 
others and when they 
explain their own 
reasoning. 




10 (27%) 2  
(5%) 
31.865 .000* 
6.2 Use precise 
communication, 
calculation, and 
measurement skills.  









6.3 Describe their 

















6.4 Check their work 













* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 6 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with all four of the 
subcomponents of this WV MHM, which focuses on helping children attend to precision. Upon 
closer examination of the data showing significance, it may be noted there is an overall trend in 
all subcomponents toward most participants feeling somewhat confident or confident about their 
abilities to successfully integrate this WV MHM into their classroom practices. This indicates 
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that the significance for all three subcomponents of this WV MHM occurs at the Somewhat 
Confident and Confident levels, compared to the outer levels (Not Confident and Very Confident) 
of the 4-point Likert scale.  
 Table 8 presents the data analysis of first grade educators’ perceptions of their confidence 
for implementing WV MHM 7, look for and make use of structure, using the Chi Square 
statistical test.  
Table 8 
 
First Grade Teachers’ Perceptions of Confidence for Implementing MHM 7: Look for and 
make use of structure 
 
  Participant Response Frequencies   
















7.1 Look for patterns 
and structures in the 
number system and 
other areas of 
mathematics.  









7.2 Begin to recognize 
the commutative 
property (for example, 
7+4=11 and 4+7=11).  









7.3 Understand that 
any two-digit number 
can be broken up into 
tens and ones (for 
example, 35=30+5).  









* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 7 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with all four subcomponents of 
this WV MHM, which focuses on helping children look for and make use of structure. Upon 
closer examination of the data showing significance, it may be noted there is an overall trend in 
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all three subcomponents leaning toward most participants feeling confident about their abilities 
to successfully integrate this WV MHM into their classroom practices. Significance for 
Subcomponent 7.1 occurs at the Confident level of the 4-point Likert scale compared to the other 
levels. The significance for Subcomponents 7.2, 7.3, and 7.4 is found in the Confident and Very 
Confident levels of the 4-point Likert scale compared to the levels on the left side of the scale 
(Not Confident and Somewhat Confident).  
 Table 9 presents the data analysis of first grade educators’ perceptions of their confidence 
for implementing WV MHM 8, look for and express regularity in repeated reasoning, using the 
Chi Square statistical test.  
Table 9 
 
First Grade Teachers’ Perceptions of Confidence for Implementing MHM 8: Look for and 
express regularity in repeated reasoning 
   
  Participant Response Frequencies   
















8.1 Begin to look for 
regularity in problem 
structures when 
solving mathematical 
tasks (for example, 
students add three 
one-digit numbers by 
using strategies such 
as “make a ten” or 
doubles).  









8.2 Recognize when 
and how to use 
strategies to solve 
similar problems.  









8.3 Use repeated 
reasoning while 
solving a task with 
multiple correct 
answers.  









* Significance attained at p<0.05 
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The Chi Square tests for educators’ perceived levels of confidence with implementation 
of WV MHM 8 resulted in significance between frequencies for the Likert responses of Not 
Confident, Somewhat Confident, Confident, and Very Confident with all four subcomponents of 
this WV MHM, which focuses on helping children look for and express regularity in repeated 
reasoning. Upon closer examination of the data showing significance, it may be noted there is an 
overall trend in all three subcomponents leaning toward most participants feeling somewhat 
confident or confident about their abilities to successfully integrate this WV MHM into their 
classroom practices. Significance for Subcomponents 8.1 and 8.2 is split between the Somewhat 
Confident and Confident levels compared to the outer levels of Not Confident and Very 
Confident. Significance is found at the Somewhat Confident level for Subcomponent 8.3 when 
compared to the other areas of the 4-point Likert scale.  
Research Question 2 Analysis: To what extent do West Virginia grade one educators 
perceive specific barriers affect their integration of mathematical habits of mind?  To address 
Research Question 2, data was analyzed from participants’ responses based on their perceptions 
of the extent to which specific barriers impact their classroom integration of the WV MHM. 
Table 10 presents the data analysis of first grade educators’ perceptions of the extent to which 
various barriers impact their ability to effectively teach the WV MHM in Grade 1, using the Chi 









First Grade Teachers’ Perceptions of Barriers to Implementing the WV MHM   
 

























13 (35%) 12 
(34%) 
10.027 .018* 
2. The effects of 
Adverse Childhood 
Experiences 
(ACEs), such as 

















teaching habits for 
mathematics 









4. Lack of principal 
support 









* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceptions of the extent to which specific barriers 
impacted their ability to effectively teach the WV MHM resulted in significance between 
frequencies for the Likert responses of Not at All Impactful, Somewhat Impactful, Impactful, and 
Very Impactful with two of the four subcomponents associated with this research question. 
Subcomponents 1 and 2 show significance split between the Impactful and Very Impactful levels 
compared to the two levels on the left of the 4-point Likert Scale (Not at All Impactful and 
Somewhat Impactful). The somewhat even distribution of frequency responses for 
Subcomponents 3 and 4 resulted in a lack of significance on the Chi Square tests for either 
subcomponent.  
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Research Question 3 Analysis: What do West Virginia grade one educators perceive as 
effective supports to integrating mathematical habits of mind? To address Research Question 3, 
data was analyzed from participants’ responses based on their perceptions of the impact of 
effective supports for integrating the WV MHM into their existing classroom practices. Table 11 
presents the data analysis using the Chi Square statistical test.  
Table 11 
 
First Grade Teachers’ Perceptions of Supports to Assist with Implementation of the WV MHM 
   


















feedback from my 
principal 










learning focused on 
early mathematics 









3. Support from 
families in the form 
of positive family 
engagement.  









* Significance attained at p<0.05 
 
The Chi Square tests for educators’ perceptions of the extent to which specific supports 
were in place to assist with implementation of the WV MHM resulted in significance between 
frequencies for the Likert responses of No Support, Limited Support, Adequate Support, and 
Extensive Support with all three subcomponents associated with this research question. 
Subcomponent 1 shows significance split between the Adequate Support and Extensive Support 
levels compared to the two levels on the left of the 4-point Likert scale (No Support and Limited 
Support).  Significance is found in Subcomponent 2 at the Adequate Support level compared to 
the other levels of the 4-point Likert scale, while significance for Subcomponent 3 is found at the 
Limited Support level compared to the other levels.  
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Research Question 4 Analysis: What effect, if any, do certain demographics have on 
West Virginia grade one educators’ perceptions for providing instructional classroom 
opportunities for children to develop mathematical habits of mind? This section summarizes 
participant demographic data. Demographic data included grade level taught, years of experience 
teaching first grade, total years of teaching experience, highest level of education completed, 
gender, whether or not the West Virginia Mathematical Habits of Mind (or similar thought 
processes) were taught during participants’ undergraduate or graduate studies, and the amount of 
clock hours of professional learning participants had received that has focused on early 
mathematics over the past two years. The table that follows further explains each specific piece 
of demographic data collected from respondents. The demographic data for years of experience 
teaching first grade and total years of teaching experience were collapsed into three levels (0-4 
years, 5-9 years, and 10 or more years) in order to assure adequate distribution of participant 
data for these independent variables. Also, the highest level of education completed was 
collapsed into two levels (Bachelor’s and Master’s) due to no participants noting a Doctorate 



















Years of experience 





10 or more years 
n=15 (41%)  
 
Total years of teaching 
experience 
0-4 years  
n=3 (8%) 
5-9 years  
n=7 (18%) 
10 or more years 
n=27 (73%)   
 












WV MHM taught 







Early math clock hours 
of professional 
learning over the past 
two years 
0 hours  
n=6 (16%) 
1-3 hours  
n=10 (27%) 
4-6 hours  
n=11 (30%) 
7 or more hours  
n=10 (27%) 
 
The Kruskal-Wallis and Mann-Whitney U non-parametric tests were used to analyze the 
possible influences of participants’ demographics on the participants’ perceptions for providing 
instructional classroom opportunities for children to develop mathematical habits of mind. 
The Mann-Whitney U test was used to compare participants’ responses concerning their 
perceptions when grouped according to (1) Level of Education (Bachelor’s, Master’s, or 
Doctorate) and (2) whether or not the West Virginia Mathematical Habits of Mind (or similar 
thought processes) were taught during participants’ undergraduate studies (yes or no). The 
results indicated there was no statistically significant difference between responses due to these 
two groupings. See Appendix E for the full Mann-Whitney U analysis tables for all of these 
demographics.  
The Kruskal-Wallis test was used to compare the participants’ responses concerning their 
perceptions when grouped according to: (1) Years of Teaching Experience in 1st Grade (0-4 
years, 5-9 years, 10 years or more); (2) Total Years of Teaching Experience (0-4 years, 5-9 
66 
years, 10 years or more); and (3) Amount of clock hours of professional learning in which 
participant participated focusing on early and/or elementary mathematics over the past 2 years (0 
hours, 1-3 hours, 4-6 hours, more than 7 hours). See Appendix E for the full Kruskal-Wallis 
analysis tables for all of these demographics.  
Significance in the Kruskal-Wallis analysis was found only under two demographics: (1) 
Years of Teacher Experiences in 1st Grade, and (2) Amount of clock hours of professional 
Learning. See the discussion and relevant tables below for the analysis of these areas of 
significance. Table 13 provides the data analysis from the Kruskal-Wallis tests that showed 
significance for first grade teachers’ perceptions of confidence for implementing the WV MHM 
due to years of teaching grade 1.  
Table 13:   
 
Kruskal-Wallis Tests that Showed Significance for First Grade Teachers’ Perceptions of 
Confidence for Implementing the WV MHM due to Years Teaching Grade 1 
 Mean Ranks  














1.3 Check their thinking by asking 
themselves, “Does this make 
sense?” 
37 23.75 12.40 19.60 7.579 .023 * 
1.4 Be willing to try different 
approaches to solve a problem.  
37 22.00 11.35 21.70 8.572 .014 * 
2.3 Utilizes the problem solving 
process to solve equations.  
37 22.67 12.80 20.20 6.601 .037 * 
3.1 Construct arguments using 
concrete materials, such as 
objects, pictures, or drawings.  
37 24.63 11.70 19.37 9.046 .011 * 
6.4 Check their work regularly to 
ensure the accuracy and 
reasonableness of solutions.  
37 19.25 10.75 24.30 11.444 .003 * 
* Significance attained at p<0.05 
  
Table 14 provides the pairwise comparisons for significant results for first grade teachers’ 




Pairwise Comparisons for Significant Results for First Grade Teachers’ Perceptions of 
Confidence for Implementing MHM due to Years Teaching Grade 1 
 




1.3 Check their thinking by asking themselves, “Does 
this make sense?” 
5-9 Years-0-4 Years .006 * 
1.4 Be willing to try different approaches to solve a 
problem.  
5-9 Years-0-4 Years .010 * 
1.4 Be willing to try different approaches to solve a 
problem. 
5-9 Years-10 or More Years .009 * 
2.3 Utilizes the problem solving process to solve 
equations.  
5-9 Years-0-4 Years .013 * 
3.1 Construct arguments using concrete materials, such 
as objects, pictures, or drawings.  
5-9 Years-0-4 Years .003 * 
6.4 Check their work regularly to ensure the accuracy 
and reasonableness of solutions.  
5-9 Years-0-4 Years .043 * 
6.4 Check their work regularly to ensure the accuracy 
and reasonableness of solutions.  
5-9 Years-10 or More Years .001 * 
* Significance attained at p<0.05 
 
 The mean ranks of WV MHM Subcomponents found to have significance as identified in 
Tables 13 and 14 reveal that respondents who have served 0-4 years as well as 10 or more years 
teaching grade 1 are more confident than those respondents who have served 5-9 years teaching 
grade 1.  
 Table 15 provides the data analysis from the Kruskal-Wallis tests that showed 
significance for first grade teachers’ perceptions of confidence for implementing the WV MHM 
due to the number of clock hours of professional development they received in early 








Kruskal-Wallis Tests that Showed Significance for First Grade Teachers’ Perceptions of 
Confidence for Implementing MHM due to Hours of Professional Development 
 
 Mean Ranks  
















5.2 Use tools such as 
counters, place-value (base 
ten) blocks, hundreds number 
boards, concrete geometric 
shapes (e.g., pattern blocks or 
three-dimensional solids), 




36 7.67 22.83 22.05 17.20 10.648 .014 * 
7.1 Look for patterns and 
structures in the number 
system and other areas of 
mathematics 
37 9.50 19.40 24.59 18.15 9.364 .025 * 
* Significance attained at p<0.05 
 
 Table 16 provides the pairwise comparisons for significant results for first grade teachers’ 
perceptions of confidence for implementing the WV MHM due to the number of clock hours of 












Pairwise Comparisons for Significant Results for First Grade Teachers’ Perceptions of 
Confidence for Implementing MHM due to Hours of Professional Development 
 




5.2 Use tools such as counters, place-value (base ten) 
blocks, hundreds number boards, concrete geometric 
shapes (e.g., pattern blocks or three-dimensional 
solids), and virtual representations to support 
conceptual understanding and mathematical thinking. 
0 Hours-1-3 Hours .003 * 
5.2 Use tools such as counters, place-value (base ten) 
blocks, hundreds number boards, concrete geometric 
shapes (e.g., pattern blocks or three-dimensional 
solids), and virtual representations to support 
conceptual understanding and mathematical thinking. 
0 Hours-4-6 Hours .004 * 
7.1 Look for patterns and structures in the number 
system and other areas of mathematics 
0 Hours-1-3 Hours .050 * 
7.1 Look for patterns and structures in the number 
system and other areas of mathematics 
0 Hours-4-6 Hours .002 * 
* Significance attained at p<0.05   
 
The mean ranks of WV MHM Subcomponents found to have significance as identified in 
Tables 15 and 16 reveal that respondents who participated in 0 hours of early mathematics-
focused professional development over the previous two school years are less confident than 
those educators who participated in 1-3 hours and 4-6 hours of early mathematics-focused 
professional development over the previous two school years for these MHM sub-elements. 
Qualitative Data Analysis 
Of the 37 total responses, five respondents provided information about additional barriers 
to teaching the WV MHM:  
• Unsupportive parents 
• Time. In first grade the emphasis seems to be on reading.  
• Student-teacher ratio and working with differentiated groups 
• Separation anxiety from home in times of crisis 
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• The largest barrier is lack of teacher understanding. By using or teaching with the 
Mathematical Practices or Habits of Mind, the teacher can help build mathematical 
understanding and slowly overcome influences such as poverty or abuse. Lack of 
principal support is just sad and shows a lack of training for principals.  
Of the 37 total respondents, five also provided information about other supports for 
teaching the West Virginia Mathematical Habits of Mind identified by respondents including:  
• Blogs; teacher groups online; online workshops 
• (Name of trainer) refers to herself as the recovering traditionalist. She assembles an 
amazing group of math experts every summer in August. The videos are free for a 
week and then there is a charge. It is a great way to learn new ideas for teaching math.  
• Number Talks highly supports Mathematical Habits of Mind. Our county curriculums 
has a section in each lesson that reinforces the Habits.  
• Colleagues and self-trainings and research teacher sources 
• Training from my professors during a cohort at WVU/RESA for Project WEEMS. 
Discussion and conclusions, as well as implications and recommendations for 




SUMMARY AND DISCUSSION 
Introduction 
 The purpose of this study was to determine the perceived levels of confidence of first 
grade educators’ integration of the West Virginia Mathematical Habits of Mind (WV MHM) into 
their existing classroom practices, to identify barriers and supports to integration of the WV 
MHM, and to determine the extent to which specific demographics played in respondents’ 
confidence with integration of the WV MHM. A survey was sent to 221 first grade educators 
across seven West Virginia counties, and 37 responses were returned. This study used 
descriptive statistics to determine educators’ perceptions regarding their perceived levels of 
confidence with integration of the West Virginia Mathematical Habits of Mind (WV MHM) into 
their classroom instructional practices.  
Conclusions and Discussions  
 The conclusions and discussion that follow are reflective of the data analysis presented in 
Chapter 4 of this study. As outlined in previous chapters, this study was guided by four primary 
research questions which were designed to provide unique information about educators’ 
confidence with, barriers to, and supports for integrating the WV MHM into their existing 
classroom practices. Conclusions based on study findings are interwoven with discussion about 
each research question in the paragraphs that follow.  
 Research Question 1 Conclusions and Discussion: To what extent do West Virginia 
grade one educators perceive their confidence with providing instructional classroom 
opportunities for children to develop mathematical habits of mind? Data for this research 
question was analyzed based on 28 subcomponents from the eight WV MHM. Conclusions and 
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discussion for this research question are provided below in eight distinct areas, one for each WV 
MHM. 
 To preface the conclusions and discussion for Research Question 1, it is important to note 
that while participants’ responses regarding their confidence for implementation of the WV 
MHMs ranged from not at all confident to very confident, five of the WV MHM (WV MHMs 3, 
4, 5, 6, and 8) resulted in an overall split in significance between the 4-point Likert scale levels 
of somewhat confident and confident. Subsequently, three of the WV MHMs (WV MHMs 1, 2, 
and 7) showed overall confidence leaning more toward the confident and very confident levels. 
Another factor to note is that while educators may very well possess a strong 
understanding of the WV MHMs, the process of teaching process-based thinking to young 
children is complicated at best. Dweck’s (2016) focus on development of a growth mindset with 
children emphasizes the importance of concepts such as productive struggle and utilizing 
ongoing feedback—both of which are evidenced in the WV MHM— to develop children’s 
higher level thinking skills across content areas. Teaching children to think abstractly and to 
develop habits of mind across any content area are not tasks that necessarily occur quickly or 
easily, especially given the fact that we know individuals typically teach the way they learned. 
This fact is reflected in participants’ responses on the left side (not at all confident, somewhat 
confident) of the 4-point Likert scale (particularly in WV MHMs 3, 4, 5, 6, and 8) for this 
research question. Conclusions and discussion for this research question are provided below in 
eight distinct areas, one for each WV MHM. 
The first WV MHM, make sense of problems and persevere in solving them, resulted in 
the highest levels of confidence from the eight WV MHMs, with significance being found at the 
confident level for subcomponents 1.1, 1.3, and 1.4 and significance being found at the very 
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confident level for subcomponent 1.2. Perhaps the reason significance was found at the confident 
and even very confident levels for this WV MHM is because the subcomponents of this WV 
MHM are largely concrete processes in which children can engage. For example, 95 percent of 
respondents felt confident or very confident in their ability to help children use concrete objects 
or math drawings to help them conceptualize or solve problems. Interacting with concrete objects 
or math drawings is one of the first steps to helping children develop more advanced concrete, as 
well as logical and abstract, mathematical thinking skills (Lee & Ginsberg, 2009). 
On the other hand, a misconception about how children learn mathematics is that they 
only do so through interaction with concrete objects (Lee & Ginsberg, 2009). Students also need 
opportunities to engage with curriculum that facilitates abstract thinking. This is demonstrated 
with the second WV MHM, reason abstractly and quantitatively. For this study, participant 
responses resulted in significance being found at the confident level. An example of a promising 
practice being utilized to benefit children’s emerging understanding of this WV MHM is found 
in the work to support educators as specifically targeting subcomponent 2.2, make sense of 
quantities and relationships while solving tasks. This subcomponent is enveloped in what some 
West Virginia educators have learned through professional learning provided locally and through 
the West Virginia Department of Education. During professional learning sessions focused on 
building number sense, educators have the opportunity to become equipped to engage in number-
based conversations with children that build on children’s emerging understandings of a mental 
number line while at the same time speaking about this mental process (Boonen et al., 2011). 
These professional learning sessions are not required of teachers at the state level, as content and 
intensity of professional development is largely determined at the school or county levels. As a 
result, not all first grade educators receive professional development that focuses on building 
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abstract and quantitative reasoning with children. A lack of confidence with teaching this WV 
MHM is reflected in survey responses that revealed between 22 and 30 percent of respondents 
indicating they are either not confident or only somewhat confident with helping children learn to 
develop abstract and quantitative reasoning.  
 The third WV MHM, construct viable arguments and critique the reasoning of others, 
resulted in significance split between frequencies at the confident and somewhat confident level 
across all four subcomponents. There were very few responses on either end (not confident or 
very confident) of the 4-point Likert scale across the subcomponents for this WV MHM; in fact, 
no fewer than 78 percent of respondents reported they were confident or somewhat confident 
across all four subcomponents of this WV MHM. WV MHM subcomponent 3.1 focuses on 
constructing arguments using concrete materials, such as objects, pictures, or drawings, a 
common practice assigned to early learners to build foundational knowledge. The remaining 
three WV MHM 3 subcomponents focus on participating in mathematical conversations (i.e., 
discussing questions such as, “How did you get that?”; “Explain your thinking.” or “Why is that 
true?”) and also using a variety of strategies to solve tasks and then discussing their problem 
solving strategies with others. An important philosophical factor to note regarding the overall 
split of participant responses between the somewhat confident and confident indicators on the 4-
point Likert scale for WV MHM 3 focuses on the assertion that young children, including those 
in first grade and even earlier grades, are quite capable of learning abstractly as long as the 
material is presented in a developmentally appropriate context. For example, the WV MHM 
subcomponents were developed for the purposes of the survey for this study in a developmental 
context for first grade children; WV MHM 3 subcomponents include tasks that are 
developmentally appropriate for first grade children, such as 3.1, construct arguments using 
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materials, such as objects, pictures, or drawings. First graders are very capable of achieving this 
task (Ladhams, 2005), which is what construction of a viable argument and critiquing the 
reasoning of others actually looks like in a developmentally appropriate first grade classroom. 
Unfortunately, if educators are not taught about developmentally appropriate mathematics and 
thinking processes in their pre-service studies or through in-service professional development, 
they are less likely to understand, believe, or feel confident or very confident about helping 
children complete the overall WV MHM 3 of constructing viable arguments and critiquing the 
reasoning of others.  
 The fourth WV MHM, model with mathematics, resulted in significance across the 4-
point Likert scale frequencies for three of the four subcomponents being split between the 
somewhat confident and confident levels, and significance for one subcomponent being found at 
the confident and very confident levels. Interestingly enough, the subcomponent (4.3) that 
includes significance on the right end of the 4-point Likert scale (confident and very confident 
levels) focuses on using concrete models and pictorial representations while solving tasks. Using 
concrete models is a task that young children often engage in well before the first grade year to 
build mathematical understanding as well as fine motor development (Ladhams, 2005). It can be 
inferred from participant responses that this particular subcomponent (4.3, Use concrete models 
and pictorial representations while solving tasks) is well-understood as a foundational strategy 
used by educators to deepen children’s thinking during the early childhood (pre-k and 
kindergarten) years of schooling. However, between 30 and 46 percent of respondents indicated 
they were not confident or only somewhat confident across the remaining three subcomponents 
of WV MHM 4. Using WV MHM Subcomponent 4.4, be encouraged to answer questions such 
as, “What math drawing or diagram could you make and label to represent the problem?” or 
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“What are some ways to represent the quantities?” as an example, 46 percent of respondents 
were either not confident or only somewhat confident in their ability to integrate this 
subcomponent. One reason for this could be similar to the argument found in discussion of WV 
MHM 3 above in that educators may not believe children in first grade are capable of engaging 
in such tasks, particularly if they have not developed a strong understanding of child 
development and thinking processes during their pre-service training and/or in-service 
professional development. Another consideration regarding the large percentage of respondents 
who were either not confident or only somewhat confident with this subcomponent is that the 
county’s mandated mathematics curriculum may not place a strong emphasis on thinking skills. 
While teachers are provided the state content standards (which are inclusive of the WV MHM) 
for use in their classrooms, the adopted classroom curriculum (including instructional materials 
i.e., textbooks, or other instructional resources) provided by the county may not place an 
adequate focus on appropriate integration of thought processes such as the WV MHM. In short, 
if it is not found in the textbook, teachers may not explicitly teach it to children.  
 The fifth WV MHM, use appropriate tools strategically, resulted in significance being 
determined in one of two of its subcomponents. The subcomponent that yielded significance 
focuses, once again, on the concrete process of beginning to use available tools when solving a 
mathematical problem. For example, first graders may choose to use multi-colored chips to 
model an addition problem. Significance for this subcomponent was found at the confident level, 
with 57 percent of respondents noting they were confident or very confident with integration of 
this particular subcomponent. Similar to the discussion regarding WV MHMs 3 and 4, 43 percent 
of respondents for this particular subcomponent (5.1, begin to use available tools—including 
estimation—when solving a mathematical problem) indicated they were not confident or only 
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somewhat confident with integration in their first grade classrooms. This anomaly is somewhat 
surprising, given the fact that concrete tools are foundational instructional resources for use in 
early learning classrooms. Also of note is the lack of significance across WV MHM 
Subcomponent 5.2, use tools such as counters, place-value (base ten) blocks, number boards, 
concrete geometric shapes, and virtual representations to support conceptual understanding and 
mathematical thinking. Discussion should be raised as to whether teachers even have adequate 
tools in the classroom to implement this WV MHM. An easy to understand comparison of the 
importance of using appropriate tools such as the ones listed above in a first grade classroom is 
to compare use of these tools to the beakers and microscopes found in high school science 
classrooms. Students in high school chemistry or biology would typically not be asked to 
complete laboratory assignments without these tools, so why are first grade children perhaps 
expected to learn critical habits of mind and other thinking skills in mathematics without 
necessarily having the appropriate tools?  
 The sixth WV MHM, attend to precision, resulted in respondents noting they felt 
somewhat confident or confident a significant amount of time across all four WV MHM 
subcomponents. Attending to precision is a fundamental premise at the crux of mathematical 
understanding and practice. Yet subcomponent 6.1, which focuses on using clear language in 
their discussions with others and when they explain their own reasoning, resulted in 67 percent 
of respondents indicating they were not confident or only somewhat confident in their ability to 
integrate this subcomponent into the first grade classroom. Additionally, while 58 percent of 
respondents indicated they were confident with subcomponent 6.2, use precise communication, 
calculation, and measurement skills, zero respondents felt very confident in this area, and 42 
percent indicated they were not confident or only somewhat confident. This is alarming, as it is 
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critically important that educators are confident or very confident in the very basic premise of 
precision regarding mathematics, whether the educator is serving pre-k children, first grade 
children, or twelfth graders learning Calculus. Without an early and consistent focus on 
precision, children will be less likely to develop conceptual understandings or procedural fluency 
in mathematics.    
 The seventh WV MHM, look for and make use of structure, resulted in significance 
across all four subcomponents of this WV MHM primarily found at the confident level. WV 
MHM Subcomponents 7.2, begin to recognize the commutative property, and 7.3, understand 
that any two-digit number can be broken up into tens and ones, showed significance of 83 
percent for each of these sub-components at the confident and very confident levels. This infers 
that teachers are generally confident with helping children develop the commutative property and 
also with breaking down numbers into tens and ones. These are foundational skills that children 
must develop to later gain more advanced mathematical thinking.  
 The eighth WV MHM, look for and express regularity in repeated reasoning, resulted in 
significance across all three subcomponents. While significance is split for Subcomponents 8.1 
and 8.2 between the somewhat confident and confident levels of the 4-point Likert scale, 
significance for Subcomponent 8.3 is firmly established at the somewhat confident level, with 56 
percent of respondents noting their comfort level was somewhat confident. Moreover, 
subcomponent 8.2, recognize when and how to use strategies to solve similar problems, yielded 
54 percent of respondents reporting they were either not confident or only somewhat confident in 
their ability to integrate this practice. Sixty four percent of respondents indicated they were either 
not confident or only somewhat confident with helping children develop subcomponent 8.3, use 
repeated reasoning while solving a task with multiple correct answers. It may not be surprising 
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that this eighth WV MHM, perhaps the most complex of the WV MHMs, resulted in such high 
percentages of respondents not feeling confident or very confident in their ability to help children 
develop these habits of mind. The more complex or abstract a task or process, the more 
challenging it is to help children develop proficiency for that particular task or process (Malola et 
al., 2020). However, they are nonetheless important for children in first grade to develop as more 
basic subcomponents discussed earlier in this section. The immense importance of helping 
children to develop each WV MHM through the use of developmentally appropriate strategies 
that are grounded in child development must be an imperative for not only educators, but for 
higher education faculty as well as local and state administrators and policy makers. 
 Research Question Two Conclusions and Discussion: To what extent do West Virginia 
grade one educators perceive specific barriers affect their integration of mathematical habits of 
mind?  Two of the four research-based barriers that were provided to respondents resulted in 
significance split across the 4-point Likert scale frequencies of impactful and very impactful 
when compared to the two levels (not at all impactful and somewhat impactful) on the left of the 
4-point Likert scale. The effects of intergenerational poverty on children and the effects of 
Adverse Childhood Experiences (ACEs), such as trauma, abuse, or other chronic stressors, on 
children were determined as impactful and very impactful barriers to successful integration of the 
WV MHM in respondents’ classrooms in 69 percent and 73 percent of participant responses, 
respectfully. The other two research-based barriers included in Research Question 2 had more 
evenly distributed responses across the 4-point Likert scale frequencies, indicating a lack of 
significance for both lack of educator understanding of developmentally appropriate teaching 
habits for mathematics and lack of principal support. Only 14 percent of respondents indicated 
that their principals’ lack of support was a very impactful barrier to their integration of the WV 
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MHM, inferring that the respondents feel largely supported by their school principal. Research 
(Singh & Billingsley, 1998) notes that when the school principal is supportive of educators’ use 
of developmentally appropriate pedagogy and practices, educators are more likely to be 
committed to the provision of high-quality services for all learners.  
 Research Question Three Conclusions and Discussion: What do West Virginia grade one 
educators perceive as effective supports to integrating mathematical habits of mind? All three 
subcomponents of this research question resulted in significance between frequencies for the 
Likert responses associated with this question (no support, limited support, adequate support, 
and extensive support. Significance was split between adequate support and extensive support 
for subcomponent 1, responsive feedback from my principal, with 75 percent of respondents 
indicating they felt the principal provided either adequate or extensive support. The important 
role of the principal as an instructional leader is well noted in the research (Wieczorek et al., 
2019; Feeney, 2007), and the principals of the majority of respondents are viewed as effective 
supports that assist educators with integration of the WV MHM in their classrooms. 
 The remaining two subcomponents of this research question are based on early learning-
focused professional development and support from families. Subcomponent 2, professional 
development focused on early mathematics, found that 40 percent of respondents felt they 
received no support or limited support in this area. As noted earlier, decisions about professional 
development are largely made at the county or school levels. When literacy initiatives or other, 
more general, topics such as mandated reporting for child abuse or even handwashing, are 
required of teachers, time may not allow for adequate or even any professional development 
focused around mathematics for early educators. Subcomponent 3, support from families in the 
form of positive family engagement, yielded 76 percent of respondents noting they received 
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either no support or limited support. This statistic is not entirely surprising given the data 
presented in the literature review of this study focusing on the fact that West Virginia families 
are often in crisis due to the opioid pandemic and other factors such as generational poverty (Glei 
& Preson, 2020). Large-scale efforts to increase positive family engagement must be examined 
through a systemic perspective that views families as partners in their child’s education.  
 Research Question Four Conclusions and Discussion: What effect, if any, do certain 
demographics have on West Virginia grade one educators’ perceptions for providing 
instructional classroom opportunities for children to develop mathematical habits of mind? 
While several demographic elements were included in the survey to participants, significance 
was found across only two demographics: years of teacher experience in first grade, and amount 
of clock hours of professional development that focused on early mathematics over the past two 
years. Study demographics that did not show significance include total years of teaching 
experience, highest level of education completed, gender, and whether or not the WV MHM or 
similar thought processes were taught during participants’ undergraduate or graduate studies. 
Each of the two elements that were found to have significance are discussed below.  
 Kruskal-Wallis data analysis for the demographic element that asked participants to 
indicate the range of years of experience teaching first grade found significance across the mean 
ranks of five WV MHM subcomponents. These five WV MHM subcomponents include: 1.3, 
Check their thinking by asking themselves, “Does this make sense?”; 1.4, Be willing to try 
different approaches to solve a problem; 2.3 Utilizes the problem solving process to solve 
equations; 3.1, Construct arguments using concrete materials, such as objects, pictures, or 
drawings; and 6.4, Check their work regularly to ensure the accuracy and reasonableness of 
solutions. 
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Interestingly enough, the pairwise comparisons for significant results with these 
subcomponents reveal an overall trend across these data that indicates participants who had 
taught first grade for 0-4 years (and in some cases, 10 or more years) felt more confident with 
integration of the WV MHMs than their peers who had taught first grade for 5-9 years. Teachers 
who have taught first grade 0-4 years may experience a new or renewed sense of enthusiasm than 
their peers who have taught first grade 5-9 years. Moreover, those teachers who have taught first 
grade 5-9 years may be experiencing a sense of burnout due to extraneous and disruptive factors 
such as changes to West Virginia’s content standards in 2011 and 2015 (White, S., personal 
communication, October 16, 2020).  
Implications 
 The results of this study reveal that the respondents report their overall confidence with 
integrating the WV MHM into their existing classroom instructional practices is stronger when 
concrete, rather than abstract, processes are expected of children. The more complex the WV 
MHM subcomponent, the less likely respondents indicated they were confident or very confident 
with integration. This raises the question of equity across the state for all first grade children that 
must not be ignored if the state ever plans to close the mathematical achievement gap across 
grade levels. Following are implications that should be considered by state educational leaders to 
assist with building the confidence of first grade educators as they continue to integrate the WV 
MHM into their existing classroom instructional practices. Also, implications concerning the 
supports for and barriers to implementation of the WV MHM are discussed.  
 Implication One: Increased professional development for in-service educators based on 
the WV MHM. Additional professional development that builds deeper understanding of how to 
successfully integrate the WV MHM and similar thought processes with children would benefit 
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West Virginia educators. Jensen et al. (2016) notes that professional development must be part of 
a continuous improvement cycle to truly become transformational for educators. Often, 
professional development for teaching staff is based on limited time and the process of “filling a 
day,” irrespective of content, when a professional development day is available at the school or 
county level (Jensen et al., 2016). Not sustainable, this type of training fails to look at data or 
develop transformational, research-based teaching practices that are inherent across high-quality 
educational systems (Jensen et al., 2016).  
Intentionality is important when planning for professional development to help ensure the 
professional development meets the long-term needs of the educators, schools, or districts, and to 
ultimately improve children’s engagement and achievement across content areas and domains of 
learning. This is important to realize for all content areas through an integrated approach in the 
early and elementary years; specifically for the purposes of this study, it is apparent that 
additional educator professional development that is focused on early mathematics is greatly 
needed throughout the state. Current initiatives, such as the wvmath4life work, places emphasis 
on professional development and supports for educators, administrators, and families across 
grades pre-k through 12 (WVDE, 2020e).  
One area of benefit would be to provide increased educator professional development that 
builds educators’ capacity to help children develop mathematical thinking skills and learn the 
process of talking through number problems and developing number sense. To connect the 
findings from this study to the available and needed supports for educators, it is important to note 
that in addition to housing the WV MHM, a foundational feature of the West Virginia College 
and Career Standards for K-12 Mathematics (West Virginia Board of Education, 2020a) is 
providing children with the capacity to solve problems using a variety of strategies. The West 
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Virginia College and Career Standards for K-12 Mathematics must be integrated in more 
explicit, yet developmentally appropriate, ways to ensure all children have opportunities to build 
critical mathematical understandings early on in their educational careers.  
 Implication Two: Increased integration of the WV MHM (and similar thought processes) 
into West Virginia Educator Preparation Program elementary coursework. The majority of 
study respondents (81 percent) indicated the WV MHM or similar thought processes were not 
taught as part of their undergraduate or graduate studies. This indicates that outreach across the 
state’s teacher preparation programs is needed to further frame the critical importance of 
teaching process-based habits of mind, such as the WV MHM, during both undergraduate and 
graduate programming. Additionally, teacher preparation programs that focus on early and 
elementary mathematics as a foundational component of a comprehensive system of delivery for 
young children are likely to yield pre-service teacher candidates who will be confident in their 
ability to effectively teach the WV MHM and similar thought processes to children. Increased 
prevalence of new programs, such as Elementary Mathematics Specialization programs endorsed 
by the National Council of Teachers of Mathematics, or other programs that provide advanced 
mathematics teaching credentials to an existing early and elementary education base, would also 
garner additional emphasis on developing children’s thought processes such as those included in 
the WV MHM.  
 Implication Three: Increased staffing for first grade classrooms. First grade educators 
may not express confidence with integration of all WV MHMs because they are working 
somewhat independently as the classroom teacher (unless strong horizontal teams or co-teaching 
models are in place at the school levels). Teachers in the early learning grades of West Virginia 
Universal Pre-K and kindergarten typically work with 20-23 children and have an Early 
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Childhood Classroom Assistant Teacher (ECCAT) to serve as a classroom partner to best meet 
the needs of all children. The ECCAT credential was introduced in West Virginia via legislation 
in 2014, and requires traditional classroom aides for pre-k and kindergarten classrooms to have 
specialized training to help them be more well-equipped to work with the classroom educator to 
provide instructional programming for children (West Virginia Board of Education, 2020c).  
First grade teachers, however, typically serve up to 25 children and do not have an 
ECCAT to partner with as key concepts across not only mathematics, but literacy and other 
related content areas, are introduced and cultivated throughout the school year. Given the fact 
that in addition to the academic demands of teaching and learning first grade content, so many 
children in today’s classrooms are negatively impacted by Adverse Childhood Experiences such 
as social and emotional abuse, first grade children and their teachers have a tremendous 
challenge before them as they develop critical foundational thinking skills such as the WV 
MHM. This phenomena is particularly relevant at this time in our history due to the COVID-19 
worldwide pandemic and the social and educational isolation the children of our state have and 
continue to experience since schools shifted to remote learning to close out the 2019-2020 school 
year. 
 To mitigate the tremendous challenges of teaching critical and foundational content to 
children who so often experience academic as well as social and emotional deficits, 
incorporation of an ECCAT across all first grade (and even second grade) classrooms statewide 
would assist both children and early learning teachers from those grades. Much like the ECCATs 
who already are required for WV Universal Pre-K and kindergarten programs, first and second 
grade ECCATs would be required to have or go through specialized training to ensure they were 
well-equipped to serve children in these grades. A component of the specialized training would 
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definitely need to be focused on habits of mind such as the WV MHM or similar thought 
processes to expand children’s thinking about mathematics early on in their schooling.  
Achieving the task of adding staffing to all West Virginia first and second grade 
classrooms would be an increase in the state’s education budget, but overall return on investment 
would likely resonate well beyond the first and second grade years. Summative testing in the 
third grade and beyond is likely to be impacted by the prevalence of an additional trained adult 
serving alongside the classroom teacher in the early learning grades of one and two. Children 
would be offered more opportunities for small group and one on one support when learning key 
mathematical and literacy-focused concepts that would set them on a course for lifelong 
academic success. The utilization of a second trained adult in these classrooms would also assist 
with meeting the incredibly diverse and often complex social and emotional needs of children in 
today’s society.  
Implication Four: Continue to Focus on a Pre-K through Grade 5 Comprehensive 
Approach to Early and Elementary Learning. The West Virginia Department of Education has 
made strides over the past two decades to elevate the importance of the foundational years of 
children’s schooling (Consortium for Policy Research in Education, 2020; West Virginia 
Department of Education, 2020a). Building on the research-based best practice principles of 
West Virginia Universal Pre-K and West Virginia kindergarten programs by establishing a 
rigorous and targeted approach to support all educators who serve in grades pre-k through five 
will ultimately benefit children’s academic, as well as social and emotional, development (West 
Virginia Department of Education, 2020g).  
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Recommendations for Further Research 
 This study provides unique information regarding first grade educators’ perceptions about 
their confidence with integration of the foundational West Virginia Mathematical Habits of Mind 
(WV MHM) into their existing classroom practices. While this study does add to the body of 
literature, the researcher has developed recommendations to further refine educational leaders’ 
understandings of how to best support early learning educators as they utilize the WV MHM and 
other similar thought processes in the classroom.  
 Recommendation 1: Replicate Study Post-COVID-19. The first recommendation for 
further research is to replicate the same study of West Virginia first grade educators after the 
COVID-19 worldwide pandemic has ended. Replicating the current study in a post-COVID-19 
world would likely yield a higher response rate. Teachers have many challenges they are 
working through to best meet the needs of the children they serve, from providing intensive 
interventions and remediation to meeting the social and emotional needs of children who have 
been out of school for nearly 6 months; as a result of these challenges, completion of a survey 
was likely not a top priority for many educators. The low response rate for this survey is 
evidence of this phenomena.  
 Recommendation 2: Expand Population of Study. The second recommendation for further 
research is to open the study to additional respondents. One option could be to survey first grade 
educators throughout all 55 West Virginia counties to determine educators’ confidence with 
integration of the WV MHM. A second option could be to survey first grade educators across 
multiple states (such as those states associated with having particularly strong universal pre-k 
programs) or even nationally to identify large-scale trends about educators’ perceived confidence 
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with integration of thought processes associated with the development of mathematical habits of 
mind.  
 Recommendation 3: Expand Scope of Study. The third recommendation for future 
research is to expand the scope of the study to include educators from other grade levels, such as 
pre-k through grade 2, or even pre-k through grade 5 to fully encompass the early and 
elementary learning years.  
 Recommendation 4: Conduct Study Using Additional Mixed Methods. The fourth 
recommendation for future research is to add additional qualitative methods to research study to 
gain more in-depth information about educators’ perceived confidence with integration of the 
WV MHM into their classroom practices.  
 Recommendation 5: Conduct Study Focusing on Educator Preparation Programs. The 
fifth recommendation for future research is to study the integration of the WV MHM or similar 
thought processes in West Virginia Educator Preparation Programs to determine the extent to 
which and how these processes are being taught at the pre-service level. A study of this nature 
would provide unique information based on data analysis from Research Question 4 
(demographic effects) of this study, which indicated that very few survey respondents received 
training on the WV MHM or similar thought processes in their pre-service coursework at the 
undergraduate or graduate levels.  
Final Thoughts 
 West Virginia is well-poised to provide educators with additional supports to help 
improve overall confidence to more effectively integrate the West Virginia Mathematical Habits 
of Mind (WV MHM) into classroom instructional practices. The WV MHM are embedded in the 
state’s mathematical content standards, and therefore should be utilized in conjunction with the 
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content standards. Teaching children how to become independent, critical thinkers who focus on 
the process of learning will yield learners with a thirst for knowledge who become lifelong 
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APPENDIX C: WEST VIRGINIA MATHEMATICAL HABITS OF MIND FOR PRE-K 
THROUGH GRADE 12 
The West Virginia College- and Career-Readiness Standards for Mathematics define 
what students should understand and be able to do in their study of mathematics. Asking a 
student to understand something means asking a teacher to assess whether the student has 
understood it. What does mathematical understanding look like? One hallmark of mathematical 
understanding is the ability to justify, in a way appropriate to the student’s mathematical 
maturity, why a particular mathematical statement is true or where a mathematical rule comes 
from. There is a world of difference between a student who can summon a mnemonic device to 
expand a product such as (a + b)(x + y) and a student who can explain where the mnemonic 
comes from. The student who can explain the rule understands the mathematics, and may have a 
better chance to succeed at a less familiar task such as expanding (a + b + c)(x + y). 
Mathematical understanding and procedural skill are equally important, and both are assessable 
using mathematical tasks of sufficient richness. 
The Standards begin with eight Mathematical Habits of Mind. The Mathematical Habits 
of Mind (hereinafter MHM) describe varieties of expertise that mathematics educators at all 
levels should develop in their students.  
MHM1. Make sense of problems and persevere in solving them. Mathematically 
proficient students start by explaining to themselves the meaning of a problem and looking for 
entry points to its solution. They analyze givens, constraints, relationships and goals. They make 
conjectures about the form and meaning of the solution and plan a solution pathway rather than 
simply jumping into a solution attempt. They consider analogous problems and try special cases 
and simpler forms of the original problem in order to gain insight into its solution. They monitor 
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and evaluate their progress and change course if necessary. Older students might, depending on 
the context of the problem, transform algebraic expressions or change the viewing window on 
their graphing calculator to get the information they need. Mathematically proficient students can 
explain correspondences between equations, verbal descriptions, tables and graphs or draw 
diagrams of important features and relationships, graph data and search for regularity or trends. 
Younger students might rely on using concrete objects or pictures to help conceptualize and 
solve a problem. Mathematically proficient students check their answers to problems using a 
different method and they continually ask themselves, “Does this make sense?” They can 
understand the approaches of others to solving complex problems and identify correspondences 
between different approaches. 
MHM2. Reason abstractly and quantitatively. Mathematically proficient students 
make sense of quantities and their relationships in problem situations. They bring two 
complementary abilities to bear on problems involving quantitative relationships: the ability to 
decontextualize—to abstract a given situation and represent it symbolically and manipulate the 
representing symbols as if they have a life of their own, without necessarily attending to their 
referents—and the ability to contextualize - to pause as needed during the manipulation process 
in order to probe into the referents for the symbols involved. Quantitative reasoning entails 
habits of creating a coherent representation of the problem at hand, considering the units 
involved, attending to the meaning of quantities, not just how to compute them, and knowing and 
flexibly using different properties of operations and objects. 
MHM3. Construct viable arguments and critique the reasoning of others. 
Mathematically proficient students understand and use stated assumptions, definitions, and 
previously established results in constructing arguments. They make conjectures and build a 
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logical progression of statements to explore the truth of their conjectures. They are able to 
analyze situations by breaking them into cases and can recognize and use counterexamples. They 
justify their conclusions, communicate them to others, and respond to the arguments of others. 
They reason inductively about data, making plausible arguments that take into account the 
context from which the data arose. Mathematically proficient students are also able to compare 
the effectiveness of two plausible arguments, distinguish correct logic or reasoning from that 
which is flawed, and—if there is a flaw in an argument—explain what it is. Elementary students 
can construct arguments using concrete referents such as objects, drawings, diagrams and 
actions. Such arguments can make sense and be correct, even though they are not generalized or 
made formal until later grades. Later, students learn to determine domains to which an argument 
applies. Students at all grades can listen or read the arguments of others, decide whether they 
make sense and ask useful questions to clarify or improve the arguments. 
MHM4. Model with mathematics. Mathematically proficient students can apply the 
mathematics they know to solve problems arising in everyday life, society and the workplace. In 
early grades, this might be as simple as writing an addition equation to describe a situation. In 
middle grades, a student might apply proportional reasoning to plan a school event or analyze a 
problem in the community. By high school, a student might use geometry to solve a design 
problem or use a function to describe how one quantity of interest depends on another. 
Mathematically proficient students who can apply what they know are comfortable making 
assumptions and approximations to simplify a complicated situation, realizing that these may 
need revision later. They are able to identify important quantities in a practical situation and map 
their relationships using such tools as diagrams, two-way tables, graphs, flowcharts and 
formulas. They can analyze those relationships mathematically to draw conclusions. They 
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routinely interpret their mathematical results in the context of the situation and reflect on whether 
the results make sense, possibly improving the model if it has not served its purpose. 
MHM5. Use appropriate tools strategically. Mathematically proficient students 
consider the available tools when solving a mathematical problem. These tools might include 
pencil and paper, concrete models, a ruler, a protractor, a calculator, a spreadsheet, a computer 
algebra system, a statistical package or dynamic geometry software. Proficient students are 
sufficiently familiar with tools appropriate for their grade or course to make sound decisions 
about when each of these tools might be helpful, recognizing both the insight to be gained and 
their limitations. For example, mathematically proficient high school students analyze graphs of 
functions and solutions generated using a graphing calculator. They detect possible errors by 
strategically using estimation and other mathematical knowledge. When making mathematical 
models, they know that technology can enable them to visualize the results of varying 
assumptions, explore consequences and compare predictions with data. Mathematically 
proficient students at various grade levels are able to identify relevant external mathematical 
resources, such as digital content located on a website and use them to pose or solve problems. 
They are able to use technological tools to explore and deepen their understanding of concepts. 
MHM6. Attend to precision. Mathematically proficient students try to communicate 
precisely to others. They try to use clear definitions in discussion with others and in their own 
reasoning. They state the meaning of the symbols they choose, including using the equal sign 
consistently and appropriately. They are careful about specifying units of measure, and labeling 
axes to clarify the correspondence with quantities in a problem. They calculate accurately and 
efficiently, express numerical answers with a degree of precision appropriate for the problem 
context. In the elementary grades, students give carefully formulated explanations to each other. 
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By the time they reach high school they have learned to examine claims and make explicit use of 
definitions.  
MHM7. Look for and make use of structure. Mathematically proficient students look 
closely to discern a pattern or structure. Young students, for example, might notice that three and 
seven more is the same amount as seven and three more or they may sort a collection of shapes 
according to how many sides the shapes have. Later, students will see 7 × 8 equals the well-
remembered 7 × 5 + 7 × 3, in preparation for learning about the distributive property. In the 
expression x2 + 9x + 14, older students can see the 14 as 2 × 7 and the 9 as 2 + 7. They recognize 
the significance of an existing line in a geometric figure and can use the strategy of drawing an 
auxiliary line for solving problems. They also can step back for an overview and shift 
perspective. They can see complicated things, such as some algebraic expressions, as single 
objects or as being composed of several objects. For example, they can see 5 – 3(x – y)2 as 5 
minus a positive number times a square and use that to realize that its value cannot be more than 
5 for any real numbers x and y. 
MHM8. Look for and express regularity in repeated reasoning. Mathematically 
proficient students notice if calculations are repeated, and look both for general methods and for 
shortcuts. Upper elementary students might notice when dividing 25 by 11 that they are 
repeating the same calculations over and over again, and conclude they have a repeating decimal. 
By paying attention to the calculation of slope as they repeatedly check whether points are on the 
line through (1, 2) with slope 3, middle school students might abstract the equation (y – 2)/(x – 
1) = 3. Noticing the regularity in the way terms cancel when expanding (x – 1)(x + 1), (x – 1)(x2 
+ x + 1) and (x – 1)(x3 + x2 + x + 1) might lead them to the general formula for the sum of a 
geometric series. As they work to solve a problem, mathematically proficient students maintain 
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oversight of the process, while attending to the details. They continually evaluate the 
reasonableness of their intermediate results. 
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APPENDIX D: WV MATHEMATICAL HABITS OF MIND SURVEY 
Mathematical Habits of Mind Survey 
This survey is designed to gain valuable information from first grade educators throughout West 
Virginia. The purpose of this survey is to explore first grade educators’ confidence in their 
abilities to effectively teach the West Virginia Mathematical Habits of Mind as part of a 
standards-based instructional model. Secondary purposes of this study are to glean the extent to 
which specific barriers and supports impact first grade educators’ abilities to effectively teach the 




DIRECTIONS: For each Mathematical Habit of Mind 
(MHM), please check one answer concerning your 
confidence in providing instructional classroom 
opportunities for children to exhibit Mathematical Habits 









































MHM1. Make sense of problems and persevere in solving them.  
1.1 Explain to themselves the meaning of a problem and look 
for ways to solve it.  
    
1.2 Use concrete objects or math drawings to help them 
conceptualize and solve problems.  
    
1.3 Check their thinking by asking themselves, “Does this 
make sense?” 
    
1.4 Be willing to try different approaches to solve a problem.      
MHM2. Reason abstractly and quantitatively. 
2.1 Connect quantity to written symbols.     
2.2 Make sense of quantities and relationships while solving 
tasks.  
    
2.3 Utilize the problem-solving process to solve equations.      
2.4 Reason about ways to partition two-dimensional geometric 
figures into halves and fourths.  
    
MHM3. Construct viable arguments and critique the reasoning of others. 
3.1 Construct arguments using concrete materials, such as 
objects, pictures, or drawings.  
    
3.2 Practice mathematical communication skills as they 
participate in mathematical discussions involving questions 
such as “How did you get that?” or “Explain your thinking” 
and “Why is that true?” 
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3.3 Explain their own thinking and listen to the explanations 
of others.  
    
3.4 Use a variety of strategies to solve tasks and then share 
and discuss their problem-solving strategies with their 
classmates.  
    
MHM4. Model with mathematics. 
4.1 Experiment with representing problem situations in 
multiple ways, such as writing numbers, using words 
(mathematical language), drawing pictures, using objects, 
acting out scenarios, making a chart or list, or creating 
equations.  
    
4.2 Model real-life mathematical situations with an equation to 
make sure equations accurately match the problem context.  
    
4.3 Use concrete models and pictorial representations while 
solving tasks.  
    
4.4 Be encouraged to answer questions such as “What math 
drawing or diagram could you make and label to represent the 
problem?” or “What are some ways to represent the 
quantities?” 
    
MHM5. Use appropriate tools strategically. 
5.1 Begin to use available tools (including estimation) when 
solving a mathematical problem. For instance, first graders 
may decide that it might be best to use colored chips to model 
an addition problem.  
    
5.2 Use tools such as counters, place-value (base ten) blocks, 
hundreds number boards, concrete geometric shapes (e.g., 
pattern blocks or three dimensional solids), and virtual 
representations to support conceptual understanding and 
mathematical thinking.  
 
    
MHM6. Attend to precision. 
6.1 Use clear and precise language in their discussions with 
others and when they explain their own reasoning.  
    
6.2 Use precise communication, calculation, and measurement 
skills.  
    
6.3 Describe their solution strategies for mathematical tasks 
using grade-level appropriate vocabulary, precise 
explanations, and mathematical reasoning.  
    
6.4 Check their work regularly to ensure the accuracy and 
reasonableness of solutions.  
    
MHM7. Look for and make use of structure. 
7.1 Look for patterns and structures in the number system and 
other areas of mathematics.  
    
7.2 Begin to recognize the commutative property (for 
example, 7 + 4 = 11 and 4 + 7 = 11).  
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7.3 Understand that any two digit number can be broken up 
into tens and ones (for example, 35 = 30 + 5) 
    
MHM8. Look for and express regularity in repeated reasoning. 
8.1 Begin to look for regularity in problem structures when 
solving mathematical tasks (for example, students add three 
one-digit numbers by using strategies such as “make a ten” or 
doubles.) 
    
8.2 Recognize when and how to use strategies to solve similar 
problems.  
    
8.3 Use repeated reasoning while solving a task with multiple 
correct answers. 
    
Section Two 
DIRECTIONS: For each barrier, please check one answer 
to indicate the impact of each on your ability to effectively 















































The effects of intergenerational poverty on children     
The effects of Adverse Childhood Experiences (ACES), such 
as trauma, abuse, or other chronic stressors, on children 
    
Lack of personal understanding of first grade developmentally 
appropriate mathematical practices 
    
Lack of personal understanding of mathematical content     
Other barriers (please indicate) 
Write-in response allowed 
    
Section Three 
DIRECTIONS: For each support, please check one answer 
to indicate the extent to which you receive each support to 
assist you to effectively teach the Mathematical Habit of 















































Responsive feedback from my principal      
Encouragement from my principal to incorporate innovative 
mathematical teaching practices 
    
Professional learning focused on early mathematics teaching     
Support from families in the form of positive family 
engagement 
    
Other supports (please indicate) 
Write-in response allowed 
    
Section Four 
DIRECTIONS: Please indicate the following demographic information: 
Grade level you currently teach  
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1 other 
Years of Teaching Experience in 1st Grade 
0-4 5-9 10-14 15-19 20 or more 
Total Years of Teaching Experience 
0-4 5-9 10-14 15-19 20 or more 
Level of Education 
B.A.  M.A.  Ed.D.  Other 
Gender 
Male  Female 
Amount of clock hours of professional learning in which you participated focusing on early 
and/or elementary mathematics over the past 2 years:  




APPENDIX E: TABLES OF KRUSKAL-WALLIS AND MANN-WHITNEY U TESTS 
FOR DEMOGRAPHIC DATA 
Table F-1 
 
Kruskal-Wallis Tests for First Grade Teachers’ Perceptions of Confidence for Implementing 
MHM due to Years Teaching Grade 1 
 





1.1 Explain to themselves the meaning of a problem and look for ways to 
solve it. 
5.043 .080 
1.2 Use concrete objects or math drawings to help them conceptualize and 
solve problems. 
3.429 .180 
1.3 Check their thinking by asking themselves, “Does this make sense?” 7.579 .023 
1.4 Be willing to try different approaches to solve a problem. 8.572 .014 
2.1 Connect quantity to written symbols. .340 .844 
2.2 Make sense of quantities and relationships while solving tasks. .875 .646 
2.3 Utilize the problem solving process to solve equations. 6.601 .037 
2.4 Reason about ways to partition two-dimensional geometric figures into 
halves and fourths. 
1.309 .520 
3.1 Construct arguments using concrete materials, such as objects, pictures, 
or drawings. 
9.046 .011 
3.2 Practice mathematical communication skills as they participate in 
mathematical discussions involving questions such as “How did you get 
that?”; “Explain your thinking.” or “Why is that true?” 
.222 .895 
3.3 Explain their own thinking and listen to the explanations of others. 2.740 .254 
3.4 Use a variety of strategies to solve tasks and then share and discuss their 
problem solving strategies with their classmates. 
3.123 .210 
4.1 Experiment with representing problem situations in multiple ways, such 
as writing numbers, using words (mathematical language), drawing 
pictures, using objects, acting out scenarios, making a chart or list, or 
creating equations. 
.401 .818 
4.2 Model real-life mathematical situations with an equation to make sure 
equations accurately match the problem context. 
2.165 .339 
4.3 Use concrete models and pictorial representations while solving tasks. 2.488 .288 
4.4 Be encouraged to answer questions such as “What math drawing or 
diagram could you make and label to represent the problem?” or “What are 
some ways to represent the quantities?” 
.508 .776 
5.1 Begin to use available tools (including estimation) when solving a 
mathematical problem. For instance, first graders may decide that it might 
be best to use multi-colored chips to model an addition problem. 
4.264 .119 
5.2 Use tools such as counters, place-value (base ten) blocks, hundreds 
number boards, concrete geometric shapes (e.g., pattern blocks or three-
dimensional solids), and virtual representations to support conceptual 
understanding and mathematical thinking. 
.976 .614 
6.1 Use clear and precise language in their discussions with others and 
when they explain their own reasoning. 
3.350 .187 
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6.2 Use precise communication, calculation, and measurement skills. 2.127 .345 
6.3 Describe their solution strategies for mathematical tasks using grade-
level appropriate vocabulary, precise explanations, and mathematical 
reasoning. 
5.735 .057 
6.4 Check their work regularly to ensure the accuracy and reasonableness of 
solutions. 
11.444 .003 
7.1 Look for patterns and structures in the number system and other areas of 
mathematics 
2.593 .274 
7.2 Begin to recognize the commutative property (for example, 7+4=11 and 
4+7=11). 
2.720 .257 
7.3 Understand that any two-digit number can be broken up into tens and 
ones (for example, 35=30+5). 
1.313 .519 
8.1 Begin to look for regularity in problem structures when solving 
mathematical tasks (for example, students add three one-digit numbers by 
using strategies such as “make a ten” or doubles). 
2.871 .238 
8.2 Recognize when and how to use strategies to solve similar problems. 1.398 .497 





















Kruskal-Wallis Tests for First Grade Teachers’ Perceptions of Confidence for Implementing 
MHM due to Total Number of Years Teaching 
 





1.1 Explain to themselves the meaning of a problem and look for ways to 
solve it. 
2.202 .333 
1.2 Use concrete objects or math drawings to help them conceptualize and 
solve problems. 
1.159 .560 
1.3 Check their thinking by asking themselves, “Does this make sense?” .874 .646 
1.4 Be willing to try different approaches to solve a problem. 1.842 .398 
2.1 Connect quantity to written symbols. .689 .709 
2.2 Make sense of quantities and relationships while solving tasks. 5.606 .061 
2.3 Utilize the problem solving process to solve equations. 2.074 .354 
2.4 Reason about ways to partition two-dimensional geometric figures into 
halves and fourths. 
2.257 .323 
3.1 Construct arguments using concrete materials, such as objects, pictures, 
or drawings. 
3.067 .216 
3.2 Practice mathematical communication skills as they participate in 
mathematical discussions involving questions such as “How did you get 
that?”; “Explain your thinking.” or “Why is that true?” 
1.675 .433 
3.3 Explain their own thinking and listen to the explanations of others. 1.210 .546 
3.4 Use a variety of strategies to solve tasks and then share and discuss their 
problem solving strategies with their classmates. 
.258 .879 
4.1 Experiment with representing problem situations in multiple ways, such 
as writing numbers, using words (mathematical language), drawing 
pictures, using objects, acting out scenarios, making a chart or list, or 
creating equations. 
1.555 .459 
4.2 Model real-life mathematical situations with an equation to make sure 
equations accurately match the problem context. 
.918 .632 
4.3 Use concrete models and pictorial representations while solving tasks. 2.885 .236 
4.4 Be encouraged to answer questions such as “What math drawing or 
diagram could you make and label to represent the problem?” or “What are 
some ways to represent the quantities?” 
1.314 .518 
5.1 Begin to use available tools (including estimation) when solving a 
mathematical problem. For instance, first graders may decide that it might 
be best to use multi-colored chips to model an addition problem. 
.095 .954 
5.2 Use tools such as counters, place-value (base ten) blocks, hundreds 
number boards, concrete geometric shapes (e.g., pattern blocks or three-
dimensional solids), and virtual representations to support conceptual 
understanding and mathematical thinking. 
.833 .659 
6.1 Use clear and precise language in their discussions with others and 
when they explain their own reasoning. 
.015 .992 
6.2 Use precise communication, calculation, and measurement skills. 2.473 .290 
6.3 Describe their solution strategies for mathematical tasks using grade-




6.4 Check their work regularly to ensure the accuracy and reasonableness of 
solutions. 
1.140 .566 
7.1 Look for patterns and structures in the number system and other areas of 
mathematics 
4.984 .083 
7.2 Begin to recognize the commutative property (for example, 7+4=11 and 
4+7=11). 
.632 .728 
7.3 Understand that any two-digit number can be broken up into tens and 
ones (for example, 35=30+5). 
.348 .840 
8.1 Begin to look for regularity in problem structures when solving 
mathematical tasks (for example, students add three one-digit numbers by 
using strategies such as “make a ten” or doubles). 
2.479 .290 
8.2 Recognize when and how to use strategies to solve similar problems. .576 .750 























Mann-Whitney U Tests for First Grade Teachers’ Perceptions of Confidence for 
Implementing MHM due to Academic Degree 
 






1.1 Explain to themselves the meaning of a problem and look for ways to 
solve it. 
112 .080 
1.2 Use concrete objects or math drawings to help them conceptualize and 
solve problems. 
131 .244 
1.3 Check their thinking by asking themselves, “Does this make sense?” 122 .149 
1.4 Be willing to try different approaches to solve a problem. 142 .407 
2.1 Connect quantity to written symbols. 175.5 .869 
2.2 Make sense of quantities and relationships while solving tasks. 146.5 .478 
2.3 Utilize the problem solving process to solve equations. 144 .442 
2.4 Reason about ways to partition two-dimensional geometric figures into 
halves and fourths. 
147 .497 
3.1 Construct arguments using concrete materials, such as objects, pictures, 
or drawings. 
114 .091 
3.2 Practice mathematical communication skills as they participate in 
mathematical discussions involving questions such as “How did you get 
that?”; “Explain your thinking.” or “Why is that true?” 
128.5 .209 
3.3 Explain their own thinking and listen to the explanations of others. 148.5 .517 
3.4 Use a variety of strategies to solve tasks and then share and discuss their 
problem solving strategies with their classmates. 
140.5 .373 
4.1 Experiment with representing problem situations in multiple ways, such 
as writing numbers, using words (mathematical language), drawing 
pictures, using objects, acting out scenarios, making a chart or list, or 
creating equations. 
176 .626 
4.2 Model real-life mathematical situations with an equation to make sure 
equations accurately match the problem context. 
146.5 .478 
4.3 Use concrete models and pictorial representations while solving tasks. 110 .069 
4.4 Be encouraged to answer questions such as “What math drawing or 
diagram could you make and label to represent the problem?” or “What are 
some ways to represent the quantities?” 
129.5 .220 
5.1 Begin to use available tools (including estimation) when solving a 
mathematical problem. For instance, first graders may decide that it might 
be best to use multi-colored chips to model an addition problem. 
151 .577 
5.2 Use tools such as counters, place-value (base ten) blocks, hundreds 
number boards, concrete geometric shapes (e.g., pattern blocks or three-
dimensional solids), and virtual representations to support conceptual 
understanding and mathematical thinking. 
135.5 .415 
6.1 Use clear and precise language in their discussions with others and 
when they explain their own reasoning. 
150 .557 
6.2 Use precise communication, calculation, and measurement skills. 160 .775 
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6.3 Describe their solution strategies for mathematical tasks using grade-
level appropriate vocabulary, precise explanations, and mathematical 
reasoning. 
159.5 .752 
6.4 Check their work regularly to ensure the accuracy and reasonableness of 
solutions. 
123 .158 
7.1 Look for patterns and structures in the number system and other areas of 
mathematics 
138 .341 
7.2 Begin to recognize the commutative property (for example, 7+4=11 and 
4+7=11). 
114 .240 
7.3 Understand that any two-digit number can be broken up into tens and 
ones (for example, 35=30+5). 
95 .061 
8.1 Begin to look for regularity in problem structures when solving 
mathematical tasks (for example, students add three one-digit numbers by 
using strategies such as “make a ten” or doubles). 
174 .916 
8.2 Recognize when and how to use strategies to solve similar problems. 134 .283 






















Kruskal-Wallis Tests for First Grade Teachers’ Perceptions of Confidence for Implementing 
MHM due to Whether or Not the WV MHM (Or Similar Thought Processes) Were Taught 
During Their Undergraduate or Graduate Courses 
 






1.1 Explain to themselves the meaning of a problem and look for ways to 
solve it. 
117 .662 
1.2 Use concrete objects or math drawings to help them conceptualize and 
solve problems. 
84 .435 
1.3 Check their thinking by asking themselves, “Does this make sense?” 110 .865 
1.4 Be willing to try different approaches to solve a problem. 104 .985 
2.1 Connect quantity to written symbols. 135 .243 
2.2 Make sense of quantities and relationships while solving tasks. 133 .293 
2.3 Utilize the problem solving process to solve equations. 116 .690 
2.4 Reason about ways to partition two-dimensional geometric figures into 
halves and fourths. 
123 .506 
3.1 Construct arguments using concrete materials, such as objects, pictures, 
or drawings. 
105.5 1.000 
3.2 Practice mathematical communication skills as they participate in 
mathematical discussions involving questions such as “How did you get 
that?”; “Explain your thinking.” or “Why is that true?” 
104 .985 
3.3 Explain their own thinking and listen to the explanations of others. 131 .330 
3.4 Use a variety of strategies to solve tasks and then share and discuss their 
problem solving strategies with their classmates. 
97.5 .776 
4.1 Experiment with representing problem situations in multiple ways, such 
as writing numbers, using words (mathematical language), drawing 
pictures, using objects, acting out scenarios, making a chart or list, or 
creating equations. 
128 .306 
4.2 Model real-life mathematical situations with an equation to make sure 
equations accurately match the problem context. 
124 .482 
4.3 Use concrete models and pictorial representations while solving tasks. 108 .925 
4.4 Be encouraged to answer questions such as “What math drawing or 
diagram could you make and label to represent the problem?” or “What are 
some ways to represent the quantities?” 
130.5 .330 
5.1 Begin to use available tools (including estimation) when solving a 
mathematical problem. For instance, first graders may decide that it might 
be best to use multi-colored chips to model an addition problem. 
107.5 .925 
5.2 Use tools such as counters, place-value (base ten) blocks, hundreds 
number boards, concrete geometric shapes (e.g., pattern blocks or three-
dimensional solids), and virtual representations to support conceptual 
understanding and mathematical thinking. 
103 .605 
6.1 Use clear and precise language in their discussions with others and 
when they explain their own reasoning. 
136 .243 
6.2 Use precise communication, calculation, and measurement skills. 143 .149 
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6.3 Describe their solution strategies for mathematical tasks using grade-
level appropriate vocabulary, precise explanations, and mathematical 
reasoning. 
137 .227 
6.4 Check their work regularly to ensure the accuracy and reasonableness of 
solutions. 
98.5 .805 
7.1 Look for patterns and structures in the number system and other areas of 
mathematics 
117.5 .635 
7.2 Begin to recognize the commutative property (for example, 7+4=11 and 
4+7=11). 
117 .454 
7.3 Understand that any two-digit number can be broken up into tens and 
ones (for example, 35=30+5). 
104 .480 
8.1 Begin to look for regularity in problem structures when solving 
mathematical tasks (for example, students add three one-digit numbers by 
using strategies such as “make a ten” or doubles). 
111.5 .805 
8.2 Recognize when and how to use strategies to solve similar problems. 131.5 .312 






















Kruskal-Wallis Tests for First Grade Teachers’ Perceptions of Confidence for Implementing 
MHM due Hours of Professional Development 
 





1.1 Explain to themselves the meaning of a problem and look for ways to 
solve it. 
7.784 .051 
1.2 Use concrete objects or math drawings to help them conceptualize and 
solve problems. 
1.045 .790 
1.3 Check their thinking by asking themselves, “Does this make sense?” 2.269 .519 
1.4 Be willing to try different approaches to solve a problem. 5.622 .132 
2.1 Connect quantity to written symbols. 1.150 .765 
2.2 Make sense of quantities and relationships while solving tasks. 2.226 .527 
2.3 Utilize the problem solving process to solve equations. 5.456 .141 
2.4 Reason about ways to partition two-dimensional geometric figures into 
halves and fourths. 
4.607 .203 
3.1 Construct arguments using concrete materials, such as objects, pictures, 
or drawings. 
.761 .859 
3.2 Practice mathematical communication skills as they participate in 
mathematical discussions involving questions such as “How did you get 
that?”; “Explain your thinking.” or “Why is that true?” 
7.168 .067 
3.3 Explain their own thinking and listen to the explanations of others. 3.950 .267 
3.4 Use a variety of strategies to solve tasks and then share and discuss their 
problem solving strategies with their classmates. 
1.987 .575 
4.1 Experiment with representing problem situations in multiple ways, such 
as writing numbers, using words (mathematical language), drawing 
pictures, using objects, acting out scenarios, making a chart or list, or 
creating equations. 
1.964 .580 
4.2 Model real-life mathematical situations with an equation to make sure 
equations accurately match the problem context. 
2.962 .398 
4.3 Use concrete models and pictorial representations while solving tasks. 3.057 .383 
4.4 Be encouraged to answer questions such as “What math drawing or 
diagram could you make and label to represent the problem?” or “What are 
some ways to represent the quantities?” 
4.399 .221 
5.1 Begin to use available tools (including estimation) when solving a 
mathematical problem. For instance, first graders may decide that it might 
be best to use multi-colored chips to model an addition problem. 
3.637 .303 
5.2 Use tools such as counters, place-value (base ten) blocks, hundreds 
number boards, concrete geometric shapes (e.g., pattern blocks or three-
dimensional solids), and virtual representations to support conceptual 
understanding and mathematical thinking. 
10.648 .014 
6.1 Use clear and precise language in their discussions with others and 
when they explain their own reasoning. 
5.591 .133 
6.2 Use precise communication, calculation, and measurement skills. 4.608 .203 
6.3 Describe their solution strategies for mathematical tasks using grade-




6.4 Check their work regularly to ensure the accuracy and reasonableness of 
solutions. 
.650 .885 
7.1 Look for patterns and structures in the number system and other areas of 
mathematics 
9.364 .025 
7.2 Begin to recognize the commutative property (for example, 7+4=11 and 
4+7=11). 
1.925 .588 
7.3 Understand that any two-digit number can be broken up into tens and 
ones (for example, 35=30+5). 
4.003 .261 
8.1 Begin to look for regularity in problem structures when solving 
mathematical tasks (for example, students add three one-digit numbers by 
using strategies such as “make a ten” or doubles). 
4.001 .261 
8.2 Recognize when and how to use strategies to solve similar problems. 5.725 .126 
8.3 Use repeated reasoning while solving a task with multiple correct 
answers. 
5.597 .133 
 
 
